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ABSTRACT

The presence of non-linear behavior in potentiodynamic

polarization plots has resulted in difficulty in determining

the Tafel constants from such plots. A FORTRAN based program

involving numerical differentiation techniques using a

graphical display was used to determine the existence of the

Tafel regions.

Various alloys polarized in synthetic seawater and a

3.5% NaC1 solution were analyzed. Although severe

concentration polarization often dominated the cathodic

branches the techniques employed did allow for the selection

of regions which approached linear behavior. The effects of

concentration polarization in hindering the determination of

Tafel constants were exemplified by the uncoverinq of a

cathodic branch containing a small region where only

actvivation polarization dominated followed by the onset and

total domination of concentration polarization.

A method of determining where the anodic and cathodic

currents beqin to dominate the potentiodynamic polarization

curve is introduced.
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LIST OF SYMBOLS USED

cm =  centimeter squared

C.R. corrosion rate

E=4*v corrosion potential of a single metal

....v corrosion potential of a single metal

E oxidation potential

0 reduction potential

E.W. equivalent weight

i== corrosion current density of a sinqle metal

current density

equilibrium exchange current density

iL. limiting current density

mpy mils per year

mV millivolt

uA microampere

13 Tafel slope

13. anodic Tafel slope

13. cathodic Tafel slope

1polarization

activation polarization

'7. concentration polarization

PAR Princeton Applied Research

PDP Potentiodynamic polarization
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1.INTRODUCTION

Recent studies at the Naval Postgraduate School have

centered on the vibrational characteristics of certain high-

damping alloys, [Refs. I - 8]. Most of these studies have

been concerned with either the measurement of the damping

capacities of these alloys and/or with the heat treatments

necessary to attain the microstructures associated with the

observed high-damping capacities. In addition, two separate

studies were conducted in an attempt to determine the

corrosion characteristics of these high damping alloys in

marine environments.

In the studies involving corrosion characteristics, both

laboratory and actual marine environment exposure

experiments were conducted. The actual marine environment

exposure tests calculated corrosion rates based on direct

weight loss methods. The laboratory tests conducted were

Linear Polarization and Potentiodynamic Polarization in

synthetic seawater [Ref. 91 and a 3.5% NaCl solution [Ref.

10) environments. Although the correlation between the

laboratory and direct exposure methods was good, the

individuals involved in both of these laboratory studies

expressed concern with the difficulty in determining the

Tafel constants necessary to determine corrosion rates.

7
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The actual experiments were conducted on the EG&G

Princeton Applied Research Model 351 corrosion measurement

system. The Moddl 351 utilizes a PAR Model 1000

microcomputer featuring two Motorola 68000 microprocessors

and a touch-screen input to create an environment which is

well suited for conducting various corrosion tests. The

system is, however, limited by the lack of a key board and

more importantly by an operating system which is proprietary

in nature. These two combine to make any analysis of

experimental data, other than by the means provided with the

operating software, impossible unless the data can be

transfered to another computer.

8 5
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II. DATA TRANSFER

The PAR 351 and its associated software has the ability

both to plot the results of an experiment and to send just

the data points to a printer via an RS 232 serial port.

Although the software supports only Houston Instruments

plotters, the printer option is configurable for numerous

printers as long as the printer supports DCI (XON, ASCII 17)

and DC3 (XOFF, ASCII 19) protocol. Other RS 232

requirements such as baud rate, parity, word length, and

stop bits are configurable as the user sees fit.

During the initial data transfers, in the present work,

Hayes Microcomputer Inc. SMARTCOM II modem software was

used to capture the data. This method was successful most

of the time but since the two systems were not using modems

but instead were directly connected via their serial ports

some problems were experienced and editing of the data file

after transfer was always necessary. The most serious

detraction was the need to wade through various menus in

order to accomplish the transfer.

In view of the both the problems experienced with using

SMARTCOM II and the neccessity for the user to be familar

with the way SMARTCOM II works, it was decided to write a

,9
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data transfer/capture program which would both speed

execution and eliminate the need for user knowledge of

communications software.

Using the sample TTY data transfer program included in

the manual for Microsoft 6W-BASIC version 2 [Ref. Ii] as a

core a BASIC program was written to accomplish the transfer.
'N

The core was modified to eliminate the transfer portion and

most importantly line feeds and carriage returns sent by the

351 were automatically deleted and a carriage return was

inserted only at the end of a line containing data. This

eliminated the problem of blank lines appearing within the

data file corresponding to page headers and footers. Other

modifications which were made involved checking for and

correcting two formatting variations which resulted in

compatibility problems between the transfered file and its

use in FORTRAN application programs. The first involved a

change from a floating format to a exponential format when

the potential was equal to 0.0000 volts. The 351 normally

sends potential with 4 significant digits. When the

potential is 0.0000 volts it is displayed as -XXE-12. The v

formatting shift is not compatible with any FORTRAN formats I.-

as the total field width changes in addition to the minimum

number of available digits. This occurance is now trapped

and the file modified to reflect the actual potential of

0.0000 volts. The second formatting variation always

occured and did so in a region which was of extreme interest

10
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as follows. When the current density changes from negative a

to positive there is a range where the exponent is E-12.

Unlike FORTRAN write statements which always reserve a space

for the + or - sign, ie. the + sign is not printed unless

specified, the 351 used the space for the - sign if present

or for the first digit if not. Again this resulted in a

change in total field width at the occurance of -a.bcdE-12.

The FORTRAN read statment would read this to be -a.bcdE-1.

I
This was handled by simply deleting the least significant

digit such that the number is read as -a.bcE-12 when this

occurs.

In its final form the data transfer program requires the

user to reply only a to a (R)eceive or (E)xit prompt and to

enter a file name if the (R)eceive option is selected.

Because the 351 can not write a selected configuration to

disk the user is still required to properly configure the

351 to the proper settings when powering up. These are:

PROTOCOL - PRINT

PARITY - NONE
BAUD RATE - 2400

STOP BIT - I

WORD LENGTH - 8

Once these options are properly set on the 351 the

desired data file should be loaded into the 351 and

formatted into the linear option. At this point the user

%: 6%
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Si
selects the (R)eceive option on the Z248, presses the "PRINT

DATA" prompt on the screen of the 351 and enters a filename

on the Z248.

The final version of the data transfer program was

compiled using Microsoft's BASIC compiler Version 1.0. By

eliminating the writting of the data to the screen in

addition to the file and using the compiled program vice the

BASIC interpreter a file which will use 60K of disk space

can now be transferred in under 5 minutes as opposed to the

20 minutes it took with SMARTCOM II. A listing of the

program is included in Appendix B.

12
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II. CORROSION RATES

A. THEORETICAL EQUATIONS

In general the corrosion behavior of a metal can be

described by the use of the Nernst equation, activation

* potential, concentration potential and mixed potential

theory.

The Nernst equation is a modification of the Gibb's

Free Energy equation and expresses the tendency of a

corrosion reaction to proceed in terms of EMF based on the

activities of the products and reactants of the 1/2 cell.

E = E" - RTlog.(0)
nF

E = Electrode oxidiation potential

(0 for reduction)
E = Equilibrium oxidiation potential

(0 for reduction)
R = Gas constant
T = Temperature OK

n = Number of electrons taking part
F = The Farday

0 = Activities of products/activities of

reactants

The potential of the cell is the algebraic sum of

oxidation and reduction 1/2 cells.

|A

13

%a. V~.



'°

Activation polarization describes the current density

which exists when the cell is polarized.

i~exp(+ZFaE/RT)

= icexp(-ZF(I-a)E/RT)

i.= equilibrium exchange current density
Z = Valance of the active species
E = Polariztion about the equilibrium potential
a = fraction of E which applies to i
R,T,F as above

By manipulating the above equation the activation

polarization can be written as:

-7 = I log1 0  (ia/i-)

8 =2.3RT/ZF

Although activation polarization occurs for both the

anodic and cathodic reactions the cathodic reaction can also

be effected by concentration polarization. When this occurs

the reduction reaction occurs at such a rate as to decrease

the concentration of Ions in the solution near the surface

of the metal. This results in a change in the potential of "'

the 1/2 cell reaction since the effective activity in the

Nernst equation changes.

14



The concentration polariztion = is expressed as:

1= = 2.3RT logo (I -id iL)
nFi

ia = operating current density
iL_ = limiting current density

The limiting current density is inversely proportional

to the thickness of the diffusion layer. This thickness is

dependent on various geometric and environmental factors and

can often only be determined experimentally. The effect of

concentration polarization can be minimized by agitating the

solution, thus decreasing the layer thickness, or, as in the

case of oxygen reduction, by heating the solution to reduce

the concentration of the dissolved gas. Both of these means

of dealing with concentration polarization may significantly

alter the desired corrosion environment and distort the

correlation between the experimental results and the actual

in-service corrosion rates.

In the absence of concentration polarization a dynamic J

polarization diagram of a cell reaction would appear as in

Figure 1. The slope of the anodic and cathodic curves

do/d(logxo ia) would be given by 0 as described in the

activation polarization expression.

Most cells are affected by concentration polarization

such that the cathodic polarization = 7& = 7M +7," The

effect of this is shown in Figure 2. It is obvious from

15
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this that logL., (ia) approaches logxo (ie) the linear

behavior of the polarization curve is distorted and in cases

where iuL and io, are not sufficiently separate, a linear

region may not exist.

Mixed potential theory concerns concerns the immersion

of a single piece of metal into an electrolyte and the

subsequent reactions. The theory consists of two simple

hypotheses.

1. Any electrochemical -raction can be divided into two or

more partial oxidiation and reduction reactions.

2. There can be no net accumulation of electrical charge

during an electrochemical reaction. [Ref. 12 : pp 314] r

It is these hypotheses that allows for the

determination of two important parameters necessary for

estimating corrosion rates. When the cathodic branch of the

1/2 cell with the highest equilibrium potential intersects

the anodic branch of the other 1/2 cell the corrosion

potential 0.-., and the corrosion current density i=.- can

be used to estimate corrosion rates.

When the corrosion system consists of only a single

metal in contact with a solution which contains a single

reduction/oxidation reaction the overall reaction is the

linear sum of the reduction currents and the oxidation

currents.

18
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If the solution contains more than one

reduction/oxidation reaction the overall reaction may

proceed as the linear combination provided that the

equilibrium exchange current densities of the secondary

reduction reactions are within one order of magnitude of the

main reduction reaction. The secondary oxidiation reactions

proceed in the same manner. As a result the secondary redox

reactions affect either, both, or none of the branches of

the overall reduction/oxidiation reaction. [Ref. 13: PP.

199]

If concentration polarization is not present both the

anodic and cathodic polarization curves would consist of a

of horizontial lines, representing the current added by the

reaction at that potential, and slanted lines of some slope

8 representing the activation polarization of all the

oxidation or reduction reactions which are influential at

that potential. In the presence of concentration

polarization the possibility of introducing numerous non-

linearities into the cathodic branch is distinct. As the

overall reduction reaction is the sum of all the influential

reduction currents any region could consist of zones where

the activation polarization of the ith reaction dominates

the concentration polarization of the (i-1)th reaction.

This can make the potentiodynamic curve extremely difficult

to analyze.

17



B. DETERMINATION OF CORROSION RATES

As previously described the presence of numerous

electrodes and/or metals in the corrosion system can

significantly alter the shape of the polarization curve.

Despite this if it was possible to design a current

measurement system that was capable of measuring only the

anodic and cathodic currents the determination of i=,-,

could still be simply made since logo i..,, would be at the

intersection of the anodic and cathodic branches of the

polarization diagram.

In the real world polarization curves take on a 'Y"

shape as a result measuring instrument limitations and the

complexity of the corrosion environment. * .... can be

measured directly since it is the equilibrium potential of

the system. As the potential is scanned towards 0,-. the

net current (ic.s 1 " - tc. =) is measured. Only when

the potential is displaced far enough from o,-,, does one of

the two currents overwhelm the other and does typical Tafel

behavior take place.

The presence of numerous 1/2 cell reactions,

concentration polarization and the need for one of the

currents to overwhelm the other can all combine to make the

determination of i.-, difficult.

If concentration polarization is not present at some So

from 0.... the polarization diagram should adopt true linear

behavior. The amount of 6o at which the curve should adopt

18



linear behavior is in itself open to disscussion. Ailor

states that 60 should be at least 5OmV from 0,,,- [Ref. 14: 'a

pp. 199]. Once the linear regions are found two methods can

be employed to determine i=,-,• The simplest is to draw two

straight lines from the linear regions towards 0w.-,. The

two lines should intersect at i .... A second method is to

measure the slopes 8 (Tafel constants) of the linear regions

of the anodic and cathodic branches. These values can be

used in conjunction with data determined from a polarization

resistance test to determine the value of i=,,. by use of

the equation:

2.3(J3.+O.)PR %

If concentration polarization is predominant over the

cathodic region of the polarization curve, the so-called

'knee' method is often employed. In this method a tangent is

drawn on the knee of the cathodic branch such that the "-

angles formed on both sides of the tangent with the cathodic

branch are equal. When this has been accomplished either of

the methods discussed in the previous paragraph may be used.

Many other methods have been developed to determine

i., or to determine corrosion rates directly from

polarization data. Princeton Applied Research uses a Chi-

squared minimization technique. This technique is included

in the software package which operates their Model 351

corrosion measurement system as PARCalc. By by their own

19 1

A Al



'p

admission, since the program is terminated based on a change

in the average value of the square of the relative

deviations between two successive iterations, it is

necessary to determine the Tafel region before starting the

process. [Ref. 15: pp IX-1O]

LeRoy [Ref. I6:pp 1006-1012] postulated the

determination of Tafel Slopes based on polarization

resistance techniques. Without repeating the entire

discussion it is sufficient to say his method of determining

Tafel slopes based on expected values from activation and

concentration polarization expressions, based on the

assumption that the parameters necessary to evaluate those

expressions were available, did not accurately describe the

observed values. [Ref. 17: pp 1988-1989]

It would also seem possible to solve the overvoltage

expression for the terms in question. Recalling the

overvoltage expression:

0 -O==r 0.Iog±0 (ia/i.) + 2.3RTlogx<,(1 - ai_
nF

The problem is that 0., i. and iL all represent unknowns

and the i L term is located in such a manner as to complicate

the solution.

20



The log±o (1 - ia/iL) term can be replaced by the series

expansion:

logo(l+X) = 2.3[ X - XO + X - X4 ... +(_i)nl_
2 3 4 n

where X = -io/i_

The final equation to be solved would be:

0- 0=. = )
n

The difficulty with this approach is that a

sufficient number of terms must be carried in the series in

order to accurately represent the logz.0 term. This causes

two severe problems. The first is n+2 data points must be

used to solve the system of equations. When one considers

that io is normally on the order of uA/cm , exponentiating

it to the nth degree can easily result in a matrix to be

solved involving coefficients of 50 or 60 orders of %

magnitude. The end result is that while the system can be

solved such that the coefficients determined will result in

the accurate representation of the actual overvoltage, the

coefficients themselves have been influenced by round-off

error and catastropic cancellation, and represent merely

numbers.

The other problem exists with attempting a solution of "'

this form. As discussed previously with the possibility of

mixed electrodes, the associated redox processes may or may

not effect the overall behavior of the system. Even if the

21



limiting current densities iL were all known, it would still

be necessary to determine their effect on the overall

process in order to include them in the system of equations

to be solved. As a result, for m different electrodes, m

experiments involving just the electrode and the metal would

have to be carried out just to determine their influence.

Consider the use of such a method with synthetic seawater.

At least 10 different chemical substances could effect the

overall reaction in addition to the major metal oxidiation

and hydrogen reduction reactions. It should be obvious that

if the limiting current densities are not known the size of

the system of equations to be solved could easily exceed the

number of available data points. More importantly, one

would have to assess the advantages of performing a

polarization in a mixed medium if the same test has to be

performed separately on the individual components first.

C. CALCULATION OF TAFEL CONSTANTS

In order to determine the location, if one existed, of

the anodic and cathodic Tafel regions two numerical

differentation techniques were employed. These two methods

were the Four Point Central Difference method and the ut, of

a Cubic Spline interpolating polynomial. A graphical

display of the derivatives allowed the user to determine the

22
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region of linearity. Once this region was determined a

first order linear regression is performed on the oriqinal

data within the region to determine the Tafel slopes.

1. Four Point Central Difference Method

When the data points are equally spaced the Central

difference method may be used to approximate the derivatives

at a point. The use of this method can result in

considerable time savings over the cubic spline method as

the derivative can be calculated without having to resort to

the solving of a system of equations for each point in

question. The method is not as accurate as the cubic spline

method and graphical representations of the derivatives will

often contain more "noise" than those derived from the cubic

spline method.

The four point Central Difference formula for

computing derivatives is:

d(log±o ia) B(f 1 - f-.) + (f- - fz)

Where:
h =O - 0z-L
f, =logxco(i.1 ) at the Ith location from

The Central Difference method has an error term

associated with it. In this case the error term is on the

order of l/h*. Although this may appear to be a substantial

term, it should be remembered it is a possible error, the

23
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method is only being used to determine the Tafel region and

whei used the Tafel constant is inverted so the error term

would actually be h4.

2. Cubic Spline Interpo at in Polynomial

When trying to numerically determine derivatives of

experimental data which may or may not be equally spaced the

use of interpolating polynomials is often suggusted. One of

the most accurate methods is to pass a cubic spline thru the

data points and then to differentiate the resulting equation

to arrive at the derivative at a desired point. [Ref. 18:

pp. 242]

The advantage of using a cubic spline is that in

deriving the system of equations to arrive at the constants

a,b,c, and d which form the equation:

y = az(x - xz) + bx(x - xx) = + cx(x - xz) + dt

the system is formed in such a manner that the value

of the function, first derivative and second derivative are

the same for the pair of cubics which join at each point.

This requires that:

y 3a,(x -xz) " + 2b%(x - xx) + cz

and y = 6ax(x - xi) + 2b,

In order to simplify the the mathematics involved

the equations for the system are written in terms of the

second derivatives of the interpolating cubic Sz.

24
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The resulting interpolating cubic will then take on

the form of:
A

h 1 - 1 S 1 -,+2S,(hx- 1 +Sz)+h1 S.x.=6(y 1 i-y 1 )- (Yx-yz-L) V
h, h, -z

where ht = x - xo

Solving the system leads to the following operations

to determine the values of al,b 1 ,c and di. .

(S1.± -S 1 )/6h%
bx = Sx/2
cz = ((yl.. - y 1 )/h1 ) - ((2h 1 S1 + h1 Sx.-)/6)
dL = Yz

The resulting system of n - 2 equations in St

involves n pairs of data points in order to generate the

required number of equations. To arrive at the two.%

additional equations to solve for Sx and S,, constraints are ,

specified which pertain to the conditions at the ends of the

curves. The three choices for the end conditions are:
0%

1. Sx = S, = w, which implies that the end cubics

approach linearity at their extremities.

2. S, = S2 , S, = S,,. This assumes that the end cubics

approach parabolas at their extremities.

3. Sx is a linear extrapolation of SL and Sz. S, is a

linear extrapolation of S,-= and S,-.

25 ,S

a.



W.MM-M '1 , 7,7 .

In this case since the interest is in determining

the derivatives do/d(logxo i.) pointwise, and not in

developing an interpolating polynomial, it was decided to

use the end conditions of SL = S, = 0, and to use enough

data points as to force the inconsistences caused by the

assumed end conditions away from the point in question.

Four data points on each side of the point in question were

used in determining the the derivative at the point in

question. This resulted in the solving of a 7 x 7 system of

equations for each data point. By locating the point in

question in the center of the data set, the accuracy of the

estimate involved was improved, and the mathematics involved

in determining the derivative were simply solving for cL.

4. Linear Regression

Once the anodic and cathodic Tafel regions have been

determined, the data points which comprise these regions are

used in a least squares curve fitting routine to determine

an equation of the form:

0 = R(log±o (ia)) + b,

where J3 represents the Tafel slope. The values of a

and b are found by solving the two following equations

simultaneously.

fi(log±o(i )1
2 + bE(log±o(io)1 ) = Z(log±o(ia)1 )(oj)

Z(log±o(ia)x) + M =E(0)

where N is the number of points in the Tafel region.
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5. Considerations Affecting. Method Selection

When the PAR 351 Corrosion Measurement system scans

the potential during a Potentiodynamic test the current is

measured at intervals of 2mV or 0.5mV of potential,

depending on the relative change in the current. The

sampling rate is normally 0.5mV when the current shows a

substantial change and 2mV when it does not. This usually

results in a sampling rate of 0.SmV in the Tafel regions,

although severe concentration polarization in the vicinity

of i.,., may result in a limited number of points having

0.5mV intervals on the cathodic branch. Two other aspects

may also effect the potential intervals at which the current

appears to have been sampled.

When data is sent out the serial port, the 351

normally uses a format similar to the FORTRAN Ga.b type.

Not counting leading zeros, four significant figures are

used. This results in a problem in the recorded potential

values. When the potential is greater than or equal to 1.0

volts, or less than or equal to -1.0 volts, only three

decimal places are carried. As a result, when the values of

0.-.- fall in this range and the scan rate is 0.5mV, the

recorded data seems to reflect that the potential has not

changed for two successive current measurements.

Since the potential is being scanned it is rather

obvious when this occurs that the recorded data does not

accurately represent the experimental data. Since this
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pattern is easily recognized, the array containing the data

can be manipulated to more accurately reflect the

experimental data.

Occasionally the potentials recorded display no

regular pattern and the data, although questionable in

nature, must be used as recorded. L

When calculating the derivatives, the anodic and

cathodic branches are performed separately. The

calculations begin at the third data point away from E

when the Central Difference method is used, and at the fifth

when using the cubic spline method. The calculations

continue as long as the data points continue to suggest a

slope of of the expected sign (+/-). This automatically

excludes the passivating region of the anodic section, as it

should since it is not part of the Tafel region, and

excludes the possibility of the program terminating

execution if it were to calculate an infinite slope. In

general this strategy worked as expected and provided enough

data points to properly examine the Tafel regions. The only

experiment in which it failed was for the SONOSTON sample

tested in 3.5% NaCI solution. As can be seen by examininq

the Potentiodynamic curve of this sample (Figure 3), the

cathodic branch exhibited behavior throughout which caused

either method to terminate execution without generating any

derivatives. The reason for this behavior is unknown.
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IV. GENERAL. OVERVIEW -OF THE PROGRAM

The program was developed so as to allow for its use

without the supposition that the user was familar with the

FORTRAN langauge or with personal computers in general.

Numerous efforts were made to minimze the possibilty of the

program prematurely terminating execution in the event of

improper input or through floating-point operations

resulting in invalid expressions. By taking advantage of

the color capability of the monitor screen, colors are

changed with respect to the type of input expected, and to

display messages resulting from either input errors, data

file format errors or a failure to properly follow the steps

necessary for proper program execution.

The program was written using Microsoft FORTRAN

Optimizing Compiler version 4.0. Graphics were achieved

using Microcompatibles, Inc.'s GRAFMATIC library. Plotter

support was achieved using Microcompatibles, Inc.'s

PLOTMATIC library.

A summary of the main program and its subroutines is

qiven below. The main program and its called subroutines

are listed in Appendix C. The subroutines are presented in

the order in which they appear in the main program.
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A. START.FOR

This is the main program. The name of the first data

file to be used is entered. Following calls to DATAIN,

CHECK and DATAM a menu consisting of 6 options is presented:

I. Plot the potentiodynamic curve
2. Generate Tafel Slopes using cubic spline

3. Generate Tafel slopes using central difference

4. Use another data file
5. Overlay two potiodynamic curves
6. Exit

Option I generates calls to GRAPH1 and PLOT

Option 2 calls SLOPE1. Following this a first order

linear regression of the anodic and cathodic branches using

locations within the original array determined during a call

to GRAPHI is performed and the results along with original

potentiodynamic curve are passed to GRAPHI.

Option 3 calls SLOPE. Upon return from SLOPE this

option proceeds as Option 2

Option 4 returns the user to the 3rd executable line of

START.

Option 5 calls DATAIN, CHECK and DATAM while retaining

the data from the first file.

Option 6 obviously exits the program.

B. DATAIN.FOR

This opens the input file and, using a formatted read

statement, generates the array containing potential and

current density. Additionally this subroutine counts the

total number of lines in the file. This is done to ensure
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that formatting changes within the data file which were not

corrected during the data file transfer will not have not

caused the array generation to prematurely terminate. If a

formatting error has been detected, an error message is

displayed in red and the line number within the file is

identified. This allows the user to exit the program and

correct the error before continuing.

C. DATAM.FOR

This converts the absolute value of the current density

to its log±o value and determines the position of E., with

the array.

D. CHECK.FOR

This subroutine determines the number of data points in

the anodic and cathodic branches to be used in the

determining the derivatives when using the central

difference method. This is done by checking log current

density for values which might result in the calculation of

an infinite slope (normally the onset of pitting or

passivation) and for equal increments in the recorded

potentials. Occasionally the recorded potentials will not

reflect the polarization which has taken place. This occurs

when the absolute value of the recorded potential is equal

to or greater than 1.0. In these ranges the O.5mV voltage
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increment falls outside of the total width of the field and

is not recorded. As this is a recognizable pattern, at the

users option the problem can be corrected.

E. SLOPE.FOR

This is the first subroutine called when using the

Central Difference method. It assigns graph titles, axes

labels and calls DATADEL.FOR.

F. DATADEL.FOR

Using the points determined in CHECK, this calculates

the numerical derivatives using the Central Difference

method.

G. SLOPEI.FOR

This assigns graph titles and labels. It also

determines the number of points, MI, to be used on both

branches in the cubic spline method by checking only for

values of log 1 0 current density which could result in the I

calculation of slopes of infinite value. It calls CSPLIN.

separately for the anodic and cathodic branches. MI anodic

is not necessarily equal to MI cathodic.

H. CSPLIN.FOR

For MI number of points, this generates the 7x7 matrix

and the 7x1 vector of values described in the cubic spline

section MI-9 times. As each matrix is formed it is solved
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by a call to LINSY1.FOR. Upon return from LINSYI the 7x1

vector contains the solution which is used to calculate the

derivative.

I. LINSYI.FOR

Using partial pivoting this subroutine solves the

augmented 7x8 array by Gaussian Elimination. The original

7x1 vector contains the solution [Ref. 191.

J. GRAPHI.FOR

This is the graphics output of the selected main menu

option. Through the use of the numeric keypad as softkeys

the user can scale the axes as desired. The option to

return to the original graph or the previous display always

exists. When plotting the results of either numeric

differentation method, only those points which consecutively

fall within the desired region are plotted. Once the axes

have been scaled such that graph contains only the linear

region of the anodic or cathodic branches the position of

the start and stop points within the original array

containing the derivatives are saved. Since, when

calculating the derivatives, the data point containing Ecorr

is always used as a reference, ie. (depending on the method)

the first derivative for each initial branch is either 3 or

5 points away from E,--.-, the start and stop points also

represent the position of the Tafel regions within the

original potential and loglO current density array. When
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the graph is not of the numerical derivatives, any data

point which falls within the desired axes is platted. If

desired GRAPHI calls PLOT.FOR for a hard copy output at what

is currently displayed on the screen.

K. PLOT.FOR

This plots the graph displayed on the screen. Although

many of the arguments passed from GRAPHI are used directly

as passed, this is not a 'screen dump'. The resolution of

the plotter is much higher than that of the screen. As a

result what appears to be a one pixel jump on the screen

will not plot as such. Two sets of tabulated data may be

plotted on each set of axes. At the users discretion

different color pens may be used to plot the axes, first

output, second output, and labels.

L. CONF I URAT I ON

In its final form, the program has been compilied and

linked into an executable file which runs on a Zenith 248

computer which is equipped with a 80286 microprocessor, an

80287 Numeric Processor Extension, a EGA graphics card with

64K video RAM, and a color monitor which supports the EGA

color mode. The plotter used is an Houston Instruments DMP-

40 series digital plotter.

The plotter library is plotter series specific. As a

result of this, the use of a plotter other than a Houston

Instrument's DMP-29 or greater would require obtaining
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another library from Microcompatibles Inc. As many of the

subroutines contained within PLOTMATICS are similar to those

called within GRAFMATICS, it can probably be safely assumed

that little if any editing of the subroutine PLOT.FOR would

be required.

To use the program with a video configuration other than

that previously described would require editing of the

subroutines PLOT.FOR, GRAPH1.FOR, DATAIN.FOR, START.FOR and

CHECK.FOR.. DATAIN, START and CHECK would require editing

only if the video configuration was monochrome. PLOT and

GRAPHI would require editing for any graphics confiquration

other than EGA.

35

1.I



V. RESULTS AND DISCUSSION

A. SYNTHETIC SEAWATER

Table I below compares the Tafel constants determined by -

using the new program with those obtained by Escue [Ref. 9].

TABLE I

TAFEL CONSTANTS OBTAINED FROM

SYNTHETIC SEAWATER EXPOSURE S

MATERIAL 0.* 0=

Ti-5ONi 0.1400 0.174 0.1155 0.132 %

1020 Steel 0.0758 0.068 0.1481 0.114

304 Steel 0.0241 0.178 0.0207

7075 Al 0.3790 0.087 0.1584 0.062

Fe-Cr-Mo 0.1775 0.121 0.1226 0.141

Fe-Cr-Al 0.1840 0.180 0.1369 0.151

Cu-Mn-Al-Fe-Ni 0.0399 0.048 0.1579 0.120

Cu-Mn-Al 0.0633 0.035 0.0652 0.045

Cu-Zn-Al 0.0804 0.062 0.0785 0.075

630 Bronze 0.0403 0.031 0.0724 0.041
S From Escue [Ref. 9]

Table 2 below compares the current densities and -

related corrosion rates of the samples tested in synthetic

seawater. The first line for each material represents the

current density as determined by the intersection of the •

Tafel lines. In many of the cases the anodic and cathodic

Tafel lines did not intersect at a single point and are

'.36

%



joined by a horizontal line. In these cases i .... was

determined by taking the average of the anodic and cathodic

i=., at the point where the lines intersected a horizontal

line form by 0w,-..

The second line represents the results obtained by

combining the Tafel slopes with the polarization resistance

data.

TABLE 2

CURRENT DENSITY AND CORROSION RATES

MATERIAL i.=-... . CR CR*

uA/cma uA/cm2  mpy mpy

Ti - 50%Ni 1.245 1.734 0.573 0.799

4.182 4.960 1.822 2.160

1020 Steel 4.212 3.837 1.981 1.805

20.325 17.201 9.580 8.110

7075 Al 1.413 0.421 0.591 0.176
3.067 0.994 1.281 0.415

304 Steel 0.106 0.728 0.048 0.329 0

0.157 1.190 0.071 0.537

Fe-Cr-Mo 0.750 0.804 0.354 0.380

2.294 2.060 1.085 0.974

Fe-Cr-Al 0.822 0.830 0.362 0.365

1.183 1.240 0.520 0.545

Cu-Mn-Al-Fe-Ni 8.241 8.854 4.165 4.070

9.662 10.400 4.882 5.260

Cu-Mn-Al 2.089 1.119 1.111 0.595

1.459 0.894 0.784 0.481c

Cu-Zn-Al 2.239 1.897 1.136 0.963

3.780 3.230 1.919 1.640

630 Bronze 1.762 1.442 0.901 0.737
6.878 4.690 3.550 2.420

From Escue [Ref. 9]
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1. Ti-50%Ni (TINILU) 
N

These results compared favorably with those obtained

by Escue. Figure 4 shows the derivatives as calculated by

the cubic spline method. As can be seen in this figure no

true linear regions are distinguishable in either of the two

branches. When this occurs the "knee" method can be %

employed by examining the branches for a range where the

derivatives oscillate about a linear midpoint. In this case
S

bat. he anodic and cathodic branches showed this

oscillation in the log current density rance of -5.28 to -

5.51. Figure 5 shows the resultant Tafel lines plotted on

the original potentiodynamic curve. Although the curves
: -

intersect 0..,, at what could be considered to be a single

point the i..,, determined in this manner differs greatly

from that calculated by using the Tafel constants and the

polarization resistance data.

2. 1020 Carbon Steel - (Sl02OL )"

Figures 6 and 7 show the results as obtained for the

1020 carbon steel sample. Of all of the samples tested this

one exhibited a cathodic branch with the least tendency to :%

behave in a linear fashion. If tnere was any linear

behavior in the cathodic branch it occured at a loq., i-. -.-

of about -5.2. The anodic branch displayed a much longer

lasting region around loqL. i..,, - 4.3. This sample also

showed the greatest disparit:y in the value of i....

depending on the manner in which it was calculated.
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3. 7075. Aluminum (IkLJ75t6)

In this case the central difference method showed a

linear region in both the anodic and cathodic branches. As

can be seen in Figure B the linear regions exist at the

pronounced peaks in the derivatives. In this case the Tatel

lines did intersect at a single point as seen in Figure 9.

4. 304 Stainless Steel (SST304LGJ

The calculated corrosion rates and the respective

Tafel constants differed greatly from those obtained by

Escue. Although the calculated corrosion rates correlated

better to the actual weight loss methods, the need to

terminate the calculating of derivatives before the onset of

passivity may have caused a linear region in the anodic

branch to be omitted. These points can be seen by the sharp

peak on the anodic branch on Figure 10, and the

corresponding point on the potentiodynamic curve Figure 11.

The Tafel lines intersected at a single value of log, i., ....

but this time there was a good correlation between the

calculated and graphical i,.-

5. Fe-Cr-Mo -(VACROILG.)

Again the presence of any truly linear regions is

questionable, although both branches, Figure 12, show a

range where the deviations from linear behavior are minimal.

Figure 13 once again shows a theoretical intersection of the

Tafel lines.
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b. FE-Cr-A.I.(VACRO2LG)

This alloy showed behavior similar to the Fe--Cr-Mo

alloy described above. What may be considered a truly

linear region in the cathodic branch is shown in Figure 14

just to the left of the sharp peak. The overlay of the

Tafel lines on the potentiodynamic curve is shown in Figure

15. The Tafel constants derived show a closer relationship

to those calculated by Escue, than did a comparision of the

Fe-Cr-Mo sample.

7. Mn-7A.l-Fe-Ni (SoNOS.T LG.).

SONOSTON, Figures 16 and 17, displayed a linear

anodic branch and, as did most of the alloys, a cathodic

branch effected by concentration polarization.

8. Cu-Mn-Al (INCRLG)

The result here again showed a linear anodic branch

but in this case the concentration polarization did not

overwhelm the cathodic branch in such a manner as to distort

the region where activation polarization is predominant.

Figure 18 shows the graph of all the derivatives and Figures

19 and 20 show the graphs of the derivatives in what was

decided to be the Tafel region. Figure 21 shows the

original potentiodynamic and the Tafel lines.

9. Cu-Zn-gl (DLALCLG)

Experinced similar behavior as the Cu-Mn-Al sample.

Once again a linear region was very apparent in the anodic

branch. Figures 22 and 23.
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10. 630 Series Bronze LBRNZ1LG)

This was the only sample of those tested in the

S
synthetic seawater where the rafel regions for the anodic

and cathodic branches were found in the same region of log

i..... As seen in Figure 24 concentration polarization

again quickly dominates the cathodic branch. Figure 25

displays the overlay.

B. 3.5% NaCI SOLUTION

In a similar fashion Table 3 lists the Tafel constants

and Table 4 the resultant current densities obtained from

the samples tested in the 3.5% NaCl solution. In general Pe

the current results show a stronger correlation with the

corrosion rates obtained by Akthar [Ref. 10] than did the

comparision of the current results with those obtained by

Escue [Ref. 91 for the synthetic seawater.

TABLE 3

TAFEL CONSTANTS OBTAINED FROM
3.5 % NaCl SOLUTION EXPOSURE

MATERIAL 1.1=
'9

304 Steel 0.1259 0.4117 0.0951 0.117

7075 Al 0.0116 0.010 0.0383 2.36

Fe-Cr-Mo 0.2821 0.234 0.1053 0.110

Fe-Cr-Al 0.1203 0.214 0.1292 0.1285

Cu-Mn-Al 0.0082 0.0137 0.0337 1.379

630 Bronze 0.0524 0.570 0.1472 0.321
From Akthar [Ref. 10]
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TABLE 4

CURRENT DENSITY AND CORROSION RATES

MATERIAL i=cxi= CR CR*

uA/cm i uA/cm2  mpy mpy

7075 Al 6.960 7.406 0.048 2.965
10.460 11.700 1.842 4.685

304 Steel 0.052 0.100 0.026 0.050
0.012 0.020 0.006 0.010

Fe-Cr-Mo 0.043 0.040 0.019 0.018

0.609 0.613 0.274 0.276

Fe-Cr-Al 0.493 0.660 0.234 0.313

% r8 1.180 0.428 0.551

Cu-Mn-Al 2.864 6.062 1.454 3.078

5.251 10.800 2.666 5.483

630 Bronze 0.093 0.129 0.048 0.066

3.570 4.480 1.842 2.312
SFrom Akthar [Ref. 10)

1. 7075 Aluminum LAL7075)

In this case the effect of concentration

polarization made any estimate of the cathodic Tafel

constant extremely difficult. As seen in Figures 26 and 27

concentration polarization completely overwhelmed the

cathodic branch. As a result only the "knee" method cuold

Vbe used, but its accuarcy is questionable. The anodic

branch displayed typical linear behavior.

2. 304 Stainless SteeL _SST304)

The cathodic branch of this sample did display a

linear region located between the sharp peaks in Fiqure 28.

The anodic branch displayed numerous attempts to passivify

as seen in Figure 29.
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3. Fe-Cr-Mo (VCMOPD)

Similar behavior to the 304 Stainless steel above.

The bandwidth exhibited by the cathodic branch near log1 0

i=,.. of about - 6.5 Figure 30, typifies the knee in the

curve. Again numerous attempts to passivify limited the

range of data which could be use in the anodic branch Figure

31.

4. Fe-Cr-Al (VACAL2)

Both the anodic and cathodic regions, Figure 32,

displayed a region where the behavior could be considered to

be linear. Although the Fe-CR-Mo and Fe-Cr-AI samples

tested in synthetic seawater displayed similar behavior, the

Fe-Cr-Al sample tested in the 3.5% NaC1 solution did not

exhibit the tendency to passivify, Figure 33, as did the Fe-

Cr-Mo sample.
.j

5. Cu-Mn-Al (INCRMTE)

This sample best typifies the problem associated

with concentration polarization. On Figure 34 a linear

VP region can be seen in the cathodic branch at a logqo i=crr

of about -5.3. This region is followed by a rapid decrease

in the slope of the curve indicative of concentration

polarization. When the original potentiodynamic curve is

viewed thru out its entire polarization range, Figure 35,

very little can be determined due to the great changes in

current density on the anodic branch. When the range in the
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cathodic branch displaying the linear bevaior is scaled

properly a textbook example of concentration polarization is

seen, Figure 36. The overlay is shown in Figure 37.

6. 630 Series Bronze (BRZ630PDI

As seen on Figures 38 and 39 this sample experienced

similar behavior to the one above. All though the linear

region directly before concentration polarization is not as

well defined the cathodic behavior is dominated first by

activation polarization and then by concentration

polarization.

C. COMPARISION OF CURRENT DENSITIES

In many of the samples tested the corrosion rates as

determined by the intersection of the Tafel lines were

significantly lower than those obtained by the use of the

Tafel Slopes and linear polarization data. As previously

stated the Tafel regions should begin to dominant the

polarization curve at an polarization increment of about

50mV from E This implies that a linear region should

not be present at increments less than this. With these

tests a linear region was often found within this zone.

Because of the general shape of a potentiodynamic

polarization curve the resultant lines drawn from this

region will always have a lower slope and thus intersect at

a lower value of i. The disparity underscores the need to

use the average of i..,, as determined by the intersection
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of the Tafel lines and that calculated by the Tafel slopes

and linear polarization data when estimating corrosion

rates.

Another interesting feature was noticed when conducting

some data manipulation of the potentiodynamic polarizations

analyzed. When the absolute value of (0 - 0=C-.-) was

plotted against log±o ia in many of the cases the anodic and

cathodic branches began to deviate significantly at a log ia

corresponding to the intersection of the two Tafel lines.

This may be coinicidental but also may warrant further

discussion. When a linear polarization resistance test is

conducted the potential is scanned with a range of +/-

25 mV. The polarization resistance is determined by

calculating the slope of the linear region about i = 0

A/cm2. If a linear polarization curve is plotted in the

same manner as above, while neglecting the singularity at i

0 A/cm2, the deviation discussed would determine the end

of the linear region. Returning to the equation used to

determine i==- using the Tafel constants and the

polarization resistance it can be shown that in order to the

polarization resistance to be a constant that 8 =

C*(.+O=), where C is a constant of proportionality. The

current being measured during a potentiodynamic polarization

is equal to the difference between the anodic and cathodic

currents. Only when one of the currents begins to overwhelm

the other would there be a substantial change in the
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measured current with respect to a given overvoltage. This

would correlate to the deviation between the anodic and

cathodic branches on a plot of the absolute value of (0 -

0.... ) vs log (ia). It also should correspond to the end

of the linear region on the linear polarization curve since

at this point the constant of proportionality would no

longer be a constant as one of the two branches is beginning

to overwhelm the other. It is postulated that a technique

of this method could be used to determine the minumium

overvoltage at which the search for a Tafel constant could

begin. It is recognized that this does not account for the

possibility of completely symetric anodic and cathodic

branches but if this was the case there would be no problem

in resorting to the +/- 5OmV rule proposed by Ailor.
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VI. CONCLUSION AND RECOMMENDATIONS

The FORTRAN based graphics proqram proved to be

extremely valuable in determining the existence of linear

Tafel regions particularly in those cases where

concentration polarization dominated the cathodic branch.

With the ability to transfer the experimental data to a

proqramable computer the opportunity exists to further

analyze the data. This could allow for the determination o +

which electrodes are effecting the main redox reaction when

the environment consists of a solution of mixed electrodes.

In order to accomplish this it is recommended that a single

high damping alloy be subject to individual potentiodynamic

polarizations containing a single component, at its normal

concentration, of synthetic seawater. Through the use of

graphical techniques it should be possible to isolate the ,.

influential redox reactions.

In order to accomplish this it will be necessary to

conduct all the experiments in solutions which contain the

same amount, or at least a monitored amount, of dissolved

oxygen. This is one factor which was not considered in the

previous two experiments and may have made the analysis more

difficult than necessary.

a
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In lieu of this approach an effort should be made to

.,-
determine the limiting current densities causing the severe '4

concentration polarization.

%-
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APPENDIX B
PAR 351 TO Z-248 DATA TRANSFER PROGRAM

10 J = 0
20 SQEEN 0
30 COLOR 4,1,1
40 KY OFF:CLS:OlO E
50 DEFINT A-Z
60 LOCATE 25,1
70 PRINT STRING$(60, .)
80 FALSE = 0: TFUE=1DT FALSE
90 XOFF$=Q-f $(19) :XCN$=CH$(17)
100 LOCATE 25,20:PRINT "PAR 351 TO Z-248 DATA TNSFER PROGfRIh"
110 LOCATE 3,20:PRINT "YOU MUST PRU]PE-LY [I]NFIUJR WE PA 351."
120 LOCATE 5,20:PRINT "AFTER SETING TE TIf- "N) DATE ON TH-E 351"
130 LE ATE 7,20:PRINT "PRESS 'SYSTEM MAN ER"
140 LOCATE 8,20:F'RINT "PRESS 'CONFIGUR SYSTEM
150 LOCATE 9,20:PRINT "SET 'FROTOCOL TO PRINT"
160 LOA'IE 10,20:PRINT "SET 'PAITY' TO NONE"
170 LOCATE 11,20:PRINT "SET 'BtJ) ATE TO 2400"
160 LOCATE 1.2,20:PRINT "SET 'STOP BIT' TO 1"
190 LOATE 13,20:PRINT "SET 'WORD LEN-TH' TO 8"
200 (LLOR 14,1,1
210 LOEATE 15,20:PRINT "PRESS ANY KEY TO CONTINUE"
220 GO$ = INKEY$:IF GD$-= "" GOTO 220
230 CLS
240 COLOR 4,1,1

-250 LOCATE 25,20:PRINT "PAR 351 TO Z-248 DATA TR ER PHOGRPM"
260 LOCATE 3,20:PRINT "PRESS 'MIN MENJ' ON THE 351"
270 LOCATE 4,20:FRINT "PFESS 'F-CAL/DISPLAY EXFERIMEN"'
2B0 LOCATE 5,20:PRINT"'IESS 'DISPLAY EXPERIIMENT'N THE 'COPY FRIM DI1'
SECTION"
290 LOCATE 6,20:PINT "SELECT THE EXPERIMEM TO BE TR1NSFERED"
300 LOCATE 7,20:PRINT "PRESS 'R.JT/FMWT' "
310 LOCATE 8,20:PRINT "EbJE T'HE X AXIS IS IN THE LINEAR SCALE"
320 COLOR 2,1,1
330 LOCATE 9,20:PRINT "IF NOT IN A LINEAR DISLAY 11EN PRESS"
340 LOCATE 10,20:PRINT "'FO]RMAT DISPLAY, 'LINEPR" , *REVIEW DISPLAY' ,'ROr

. FORMAT'-"
350 CLOR[] 14,1,1

360 LOCATE 14,20:PRINT "PRESS r-INY KEY TO CONTINUE"
370 GI=INKEY$: IF GO$--- "" GOTO 370

390 CILOR 4,1,1
400 LOCATE 25,20:PRINT "PFIR 351 TO Z-248 DATA TF4WE FR'E1"
410 SEED = "2400"
420 C]MFIL$ ='f]M2:"+SEED$-",N,8,1,CS,DS"
430 OPEN COMFIL$ AS #1
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440 PRINT #1, XOFF$;

450 OPEN "S7N:" FOR OUTPT AS #2
460 LOCATE 10,25:PRINT "(R)eceive a file OR (E)xit
470 LICATE 11,37:INPUT TXRX$
40 IF (TXRX$<>"R") AND (TXRX$<>"E") THEN 460
490 IF TXRX$="E" THEN 1350

500 LS
510 COLOR 4,1,1
520 LOCATE 25,20:PRINT "R 351 TO Z-248 DATA TFRMSFER IOGRAM"
530 COLOR 15,1,1
540 LOCATE 13,25:PRINT '1F4WSS 'PRINT DATA' ON THE 351 THEN"
550 LOCATE 15,30:PRIN "FRESS AW KEY TO CONTINUE"
560 GO$ = INKEY$:IF GO$-"" GOTO 560
570 (LS
580 (3LOR 4,1,1
590 LOCATE 25,20:PRINT "PAR 351 TO Z-248 DATA 1TW48ER PFP]GWT
600 LOCATE 10,20:PRINT "THIS PROER US A IAM DISK TO SPEED

EXE[JT ION."
610 COLOR 2,1,1
620 LOCATE 13,20:PRINT "DO NOT ENTER 1-E DISK DRIVE OR THE FILE TYPE"
630 LOCATE 14,2:PRINT "ELT ONLY THE WHME OF THE OUIRT FILE"
640 COUF 14,1,1
650 LOCATE 16,20:PRINT "ENTER THE OUTPUT FILE NAME"
660 LOCATE 18,25:INPUT FIL$
670 [)SK$-"D: :D6FIL$--D$+FIL$
680 OPEN "D:TMP" FOR OTPUT AS #3
690 N = 0
700 (_S
710 PRINT #1, XONS;
720 IF LOC(1)=0 T-EN GOSUB 820
730 IF LOC(1)>128 THEN PALE=TRLE:PRINT #I,XCFF$
740 AS=INPUT$(1,#1)
750 IF (AS=O-R$(10)) OR (AS=C-R$(13)) THEN B$-fH$(13):J--J+1
760 IF (AC4JH-R$(13)) AND (A*<>C-R$(10)) THEN PRINT #3,A$;
770 IF (J > 3) AND (BO (13)) PND (A$-CH(13)) THEN PRINt

#3, ]R$(13)
760 IF (J > 3) PID (B=C-R$(13)) AND ( ,-R$(13)) THEN B$--" .:N=NI
790 IF LOC(1}>,O T-EN 730
800 IF PASE TIEN PAUE=FPLSE:PRINT #1,XON$;
810 (OTU 720

* 8620 FURF 1=1 TO 5000
830 IF LLU(1)<>O THEN I = 9999
40 NEXT I

85O IF 1>9999 flEN RETUR
60 QOSE #3:CLS

(0 F$="D: "h*A
H60 OPEN "D:TMP" FOR INPUT AS #4
EM OPEN DSKFIL$ FOR OUTPUT AS #3
900 FOR I = I TO N
910 X$ = INPUTS(44,#4)

920 Y$ = INPUTS(2,#4)
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930 18$ =MIDS(XS,18,9)
940 C$S MLDS(B$,I,1)

950 D$ = MID$(B$,2,I)
960 E$ = MIDS(B$,3.1)
970 F$ = MLDS(B$,4,I)
980 6$ = MID$(B$,5,1)
990 H$ = M[D$(B$,6,1)
1000 1$ = rlIDS(B$,7,1)
1010 is= MID$(B$,6,1)
1020 K$ =MID$(B$,9,l)
1030 FX$ = "-0.000000"
1040 IF (E$ = "E") 11-EN MIDS(X$,16,9) = FX$
1050 IF (F$ = "E") 11-N rlIDS(X$,18,9) = FX$
1060 IF (Gt$="E") 11HEN MID$(XS,118,9) = FX$
1.070 IF (HS= -"E") 11-EN MID$(X$,18,9) = FX$
10BO IF (H$5="E") 11-EN MID$(X$,18,9) = FX$
1.090 IF (1$--"E") 11-EN MID$(X$,18,9)=FX$
U100 [F (J$="E") TI-EN MLD$(X$,YP-")=FX$
1110 IF (K$="E"*) 11-EN MIDS(XS,18,9)=FX$
1120 F2$ = "E--12"
1130 A$ = MID$(X$,42,I)
114I0 AL$=tlIDS(XS,43,1I)
1150 A2$=41ID$( X$,34, 1)
1160 A3$ = A$+A1$
1170 IF (A3$ = "12") AND) (A2$ = )TH-EN MIDS(XS,39,5) =F2$

1180 PS = IIID$(X$,i,1)
1190 IF (P$ = "P") 11-EN RNT#3,X$
1200 NEXT I
1210 (COE #3:.L
1220 J = 0
1230 COLOR 1,5,4
1240 BEEP
1250 LIJCATE 12,30:1PRINT "w**TRt4a-ER IINMLE1E****'
1260 LOCATE 13,30:1PRINT "RES6 AW KEY TO COlfIt'LE"
1270 GOINMEY$:IF GO$-*' GUMT 1270
12BO PRINT #1, X(FF$
1290 CLOSE #1

*1,310 CLOSE #3
13S20 CLOEE #4
1330 COLOR 1,1,1
1340 (3JTO 390
1350 EM)
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APPENDIX C
CORROSION PROGRAM

S THIS IS THE MAIN ROGRAM. WITHIN IT WFE USER ENTEHS 1E FILE
S NAME WHI]-I HE/SHE WISHES TO AN LYZE. FCLLOWING THIS A MENU
$ JPfEPF; ALLOWING THE UER TO SELECT THE DESIRED OPTION.

S THE FOLLOWING VARIES P4E DEFINED
$

S (I)ATA : T-E 2 DIMENSIONAL AFAY FOR THE DATA FILE CONTAINING

SPOTETIAL AND CURENT DENSITY
$ CDATAI: AS AHOV!E BUT ONLY ISD WHEN OCERLAYING TWO CURVES
* MDATA : A TWO DIMENSIONAL AfRRAY OF CIYATA BUT NOW IN TERMS OF
S POIENTIAL AND LOGIO COJIET DENSITY
S XDAT : A ONE DIMENSIONAL fAY CONTAINING THE X V'I&UES

O CF THE FIRST OvE TO 1 GRAPHED OR R.OTED
S Y[AT : A ONE DIMENSIONAL AFRRAY CONTAINING THE Y VqLES

O OF THE FIRST ORE TO BE GRAPHED OR PLOTED
XDATI : A ONE DIMENSIONAL ARAY COINTAINING THE X WLLES

S OF TH SECID CIRVE TO BE GRAPHED OR PLOTTED
S YDATI : A ONE DIMESIONCL ~RRAY I]NTAINING THE Y VALlES
*OF rlE SEIND OWE TO BE GF4*+ED OR PLOTIED
$ X : TlE SUM OF T-E LOG CURENT DENSITIES. ISD IN THE
S LINEAR REGESSION FOR DETERMINING THE TAFEL CONSTANTS
* X2 : THE SUMOF THE EUVXIWS OF THE LOG ClFJfENT DENSITY
- INITIALLY IED IN THE SAME MAtER A XI BUT ONCE THE

TAFEL CONSTANT HAS BEEN IEIEMINED USED AS T-E LOG
$ OLfU4T DENSITY VALUE IN CREATING THE TAFEL LINES
S XY : THE SUM OF THE PF3ILtL-S CF LOG ORRENT DENSITY PND
SPOTENTIAL. I D IN THE SE PWER AS XI AND X2
S Y : THE SUM OF TIE POTENTIAL. IED AS XI,X2,XY

NS : THE NUMB OF POINTS ISD TO GBEFWATE TIE TAFEL SLOPE
B B2 : THE TAFEL SLE AS CAL13-JATED IN THE REGR SSION
BI : THE INTERCEPT OF THE TIFEL LINE
M :MkE4U FESPONE
I DO1) LOOP COUNTER

$ N THE NM1ER OF POINIS IN TH-E DATA FILE BEING READ
5 01 THE NUMBER OF POINTS IN TI-E FIRST DATA FILE, LNJ-AIGING
U Ni THE NUMER OF POINTS IN THE FIRST DATA FILE. LEED IN

STHE SUBROUTINE SLOPEI AND C4~ BE FEIUED WIFH A
$ DIFFERENT V44-LE
S J JiE L(]ATION OF E(X]RR WITHIN MDATA
S J SAE. AS J BUT PASSED AS AN AfEENT TO SLOPEI
5 (]2 : SAME AS 01 BUT U ONLY WHEN OEILAYING DATA FILES
* J2 : SAME AS J BUT ISD ONLY WHEN OVEJL-AYING DATA FILES
S SI : THE POSITION WITHIN MDATA WHEFE THE FEQIFE1ENTS OF

S THE [EM!1 DIFFER4I[. PETI-ID FAIL. CATHODIC BtMN[]

93

.. % . ***.v_, , a-*.*_ ., , W, ",% .,', . , - ."."""'' .,... ,j'.,,, ,.-. -'-'% ,w . "-".. . . . . . - " "-



9 2 SPIME AS SI EDii FOR THE AfJDIC EFWV2-4
S 3 TW- TOTAL NMBf OF PINTS IN TH-E CATHOUDIC Ul:]-I

* .1-1WHI M'EET TH-E FEI[EIENTS FOR USING3 THE CJENTF44L
* D IFFERENC(E tVET-1)D

* S4 SAM AS 63 EUT FOR TH-E AOD[C EW)-IH
* Al 11-E POSITION WITHIuN X[YATI AND) YDAT1 WH-ICH- PVAfIS THE
* EEIINING OF TH-E TAUEL RM1I(N

* A2 SME AS Al BUT THE EN) OF THE FE13ION
* A3 SERVES TtE SPE ASIJ Al EUT WIllH FUSPEET TO

S A4 S~rE AS A3 Eii AS A2
* Cl SllEA Al ELIT WITHIN X[XAT AMI YDAT (CATHIOIC)

C 2 SAM~E AS Cl EDIi 1W- END (F 1-E FREION
3 SERVES WVE S~E P154POE AS Cl BUT WITH FESPELT TO

* r1ATA
S C4 SAM A C3 BJT AS C2

NB SET TO 0. PASSE TO (~fll AND) PLOT TO AVOUID TVE USE
O F T1-E EIP1rY XIYATl AMI YDATI PF44YS WH-EN THE ARE NO1T

* IqbE :TIE NAME OF TH-E MIN DAlTA FILE IN LEE
S IME2 :1l-E fNWlfE OF T1W SIE FILE WH-EN t1JAAYING
* TI TLE2: THE SECOND H-EADING FOR WVE GR'di-I AND PLOT. CO-qN4ESA
* ~EEPENTN ON~ TH-E OPTION SLECTED

* TITLE3: FESERVED FOR FUTJlE LEE IF DJESIRED
* Dl - O-V'dC7TER STRING I~ TO FORM TI1LE2
S D2 THE C-HATC"ER REPFEENTATION OF B2 WEN B2 FRE NT
* WVE CATH-ODIC TAFEL a-OPE

$ D3 :Q-flWRTER STRING USED TO FORM TITLE2
D 4 : E SA A 02 BJU FOR THE iOIC TAFEL SLFE

S LIST : CHF44TER STRINI4LD FOR IMESSI-ES, AN) PROMPTS

FEALS4 X[AT(2000) .YDAT(2000) ,XIXAT(2000),
+YIDTl (2000)

REPL*E MDAYTA(2000,2),MDATAl(2000,2) ,Xl,X2,NS,XY,XI,Yl
+,CDATA(2000,2) ,ODTAJL(2000,2)

INTEGER*2 I ,J,N,Al ,A2,Cl ,12,Ol ,NI ,JX,SI ,S2,S3,S4,Er2,J2,ri8
INTEGER*2 A3,A4,CZ,C4
O-V'*UTER*13 WlE,N~fE2 * TIThE2*22 2, ThE*5 ,LI ST*5O,TI TLE3*50
C-rfWUTER*8 12,D4 ,DI*5,D3*6
TILE2=

C THE SCREEN IS CLEAED AND THE FILE N~EE IS ENTERED. TWE USER
C CPN A'LSO EXIT THE PROU1M ORI LET A LIST OF EXISTING DATA FILES.
C TH IS PROMPT APEARS IN RIILE WHICH(1 1S THE (ILIR I~ WH-ENEVsER
C A 0-VfEACTER RESPONSE IS EXPECTED TO A PROMPT. IF A FILE NAE IS
C EMIERED WH-I DOES MJT EXIST ANJ EMfiF (MEE-& WILL PWILWR IN RM

10 CA± O1EPUE(3)
(I.TL IILEPI(0, 5)
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15 L IS'[

CPLL fflhl'(15,12)I

WRIUTE(6,805) LIST

CPL U'DWIllJ20,11)CP L I ?J(6,8 5,I ST
LIST = A BAI( TO EXT, OR D1R FOR A DIFIECT(FVk4UTE(6,805) LIST

WI-MV6,800) N'lE
04-L Q'(40,9)
IF (NAM4E .EU. IT)11EN

aioT 900
IF (NPPE E6). 'DIR) fl-EN

VJ)LL (ILEAR(0, 5)
CPLL OIJUI(1,23)
MUSE~ 'ENTER 'DIR *. /W" OR A BLANK 'TO (X[ffINUE'

CfL.L QUSE..(23,6,1,1,79,0,5)

CALL. [YATAIN(CIYATA,N,NPME, IER)
IF (IER ED). 1) TI-EN

(JO 10
ENDIF

20 CRL.L GE'UE(3)
CALL (IlEPR (0, 2)
J1 = J
N =N-1I

01 =N

C TH-E MA~IN MEWJ IS DISPLAYED IN GJEEN. TH-E COLOR GREEN [S uEED
C WHU&E'ER AN INTEGER IS EXPECTED AS THE FEEMNE TM A M11'PT.
C IF TH-E INPUJT IS NOJT ANJ INTE3R OR A Q-4'E4TE AN EJH~i MESpcm
C IS DISPAYED IN FIED.

cI
21 CJ-1L (1IEW.J15,22)

LIST --

WRITIE(6,9O5) LIST

CPLL all[N(15,13)
LIST =W - .a.R (IGIP44- FTNTII)yWUIC C(2JM &
WITE(6,81M) LIST
CAL GEMOV(15, 17)
LIST = '2. GFJATE TPUEL SLOPES UINGM CUBIC 1-IINE M-nHU)
hIRITE(6,805) LIST
CAL 0I7C[N(15,16)
LI ST GE3. (EWTE TWFEL SBING'I InVThn- E) IFIFERJ74LN PV C~J}ID
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WRITE(6.805) LIST

LIST = '4. USE AW1 R DATA FILE'
WR~ITE(6,305) LIST
LIST = *S. OVE~RLAY TWO POTENTI)YTWM'EIC C..RVES*

IT~IE(6,B05) LIST
CALL EUflU(15,13)
LIST = *6. EXIT'o
&'RITE(6,805) LIST
CAPLL GOJ(29,12)
LIST = 'ENTER 1.2,3,4,5 OR~ 6'
WRITE(6,43D5) LIST
CALL GQJV (39,10)
FEID6,8I0,ERfR = 22, ILETAT = J4) M

22 I F (0J4 NfE. 0) OCR. (M .9T. 6)) 11-EN
CALL CE3E(3)

LIST = '

W'~1E(6,B0S) LIST
LIST = Y1U DID NUT1 ENTER P14 INTEGER OF'
Cj'LL tWJU(20,16)
WITE(6,805) LIST
LIST = 'WILE 1,2,3,4 OR~ 5.'

CAL GEMOV(20JgJ..

WIE(6,EI05) LIST
LIST = 'PRES AWC KEY TO CIOfINLE

&'RITE(6,805) LIST

CAJL OINKEY(13,14)
GOTO 20

ENDIF

c OPTION I HAS BEEN M-ECTED. THIS GENEJ14ES A GRAP1 AM(PTI[OAL
c P-L OF TH-E ORIGINAL. PJENTI(I)YTkPIIC (lINE.

IF (M Ell. 1) TH-EN
DO 25 1 =1,01

XDATMI = MfYATA(1,2)

25 C~ETIMtE
NI = N

YfrE = 'YOLTS*
TITLE2 = *

CPtL GR 4(XIAT,YT,1,J,PE,XDAT1,YDAT1,NB,YWfE,Tfl=E
+ ,AI,A2,CI,C2,TITLE3)
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GOTO 20
ENDIF

C

c OFTION 2 HAS BEEN SELECTED. THIS GENEJRATES THE DERIVATIVES OF
C THE POTENTIODYNAMIC CURVE USIN 1HE O.BIC SPLINE ME-HOD.
C

IF (M .E0. 2) THEN
Al = 0
A2 = 0
Cl = 0
1C2 = 0

30 JL = J
Ni = N
CAL aOE(MOATA, N1,Jr ,NPtE,A1,A2,Cl ,C2)

C
C STILL WITHIN OPTION 2. THE PROGRAM OECKS TO ENSURE THAT THE
C T.FEL REGIONS FR BOTH THE iAODIC AND CATHODIC REBIONS I-UE
C EEEN SELECTED.
c

IF ((Cl GE. C2) .OR. (Al . E. A2)) THEN
CALL EIE(3)
CALL OLEfAR(0,4)
LIST
CALL 004N(15,20)
WRI'E(6,805) LIST
LIST = 'YOU DID NUT SELECT BTIH MJ P14NDIC"
CPLL ICIIV(15,19)
WfRIIE(,805) LIST
LIST = "N CATHODIC lRANJE OR ELSE THE POINTS'
CLL OL'r](15,18)
WRIE(6,805) LIST
LIST = *WERE NUT PROPERY TFm). IN To 1')
CALL QCD/V(15,17)
WRITE(6,805) LIST
LIST = "I'..ENT lE PROA FRI CRASHING YU*
CALL GCMOV(15,16)
WRIIE(6,805) LIST
LIST = 'MUST STRT PAAIN.'
CALL QCMOM(15,15)
WRITE(,805) LIST
LIST = 'PRESS ANY KEY TO CONTINUE"
CALL (I)C (15,13)
WRIIE(6,805) LIST
CLL OINWEY(13,14)
GMfr 20

EtVIF
C
C ALL REWIRMENS HA%0E SEEN SATISFIED. LINEAR FEERESSION IS
C U R ON THE TAFEL REGIONS AND THE RESULTS "E GRPED
C

Dl =B=
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=NP %dLTS'
00 35 I = 1,01

XDATMI = PIJATA(I,2)
YIJATM1 = T1YATA(l,l)

35 CVINIE
X2 = 0
Xl = 0
XV = 0
NI = ABS(C2-C1) +1
YE = 0
C3 = J-(44Cl)
C4 = J-(4-.(2)
1) 40 1= C4,C3
X I = Xl 4I + ITA (1, 2)
X2 = X2 +(r1OATA(1,2)**2)
XV = XV +- (PIDTA(I,2)*iJTA(I,1))
YI = Yl+ IIJATA(I,1)

40 CONTI[ME
NS = FLIYAT(NI)
B1 = ((XY*XI)-(YI*X2))/((XI*XI)-(NS*X2))

B= ((XY#NS)-(YI*XI))/((X2*NS)-(XI*XI))
VI = tIJTA(J, 1)
XI = ((VI-BI)/B2)
X2 = MIATA(C4,2)
DX = (X2-Xl)/(50.)

1)0 45 1 =15
YVAI(1 = (E82*X2)+Bl
XIYATM() = X2
X2 = X2- DX

45 CEINIE 5-

B2 = -82
CAL (I3W(2,B2)
X2 = 0

XI = 0
NS = 0

VI = 0
A3 = J+4-.At
A4 = J4A
DO050 1 = A3,A4

X1 = X1 + I ATAl,2)

X2 = X2 + (fl)ATA(I,2)**2)
XV = XY + (PM.TA(1,2)*PMJTA(l,1))
VI = VI+ IIJATA(I,1)

50 CONTI[ME
NI = ASA-4+

NS= FLIYVT(NI)
BI = ((XY*XI)-(YI*X2))/((XI8XI)-(N6*X2))

82 = ((XY*I.)-(YI*XI))/((X2*NS)-(XI*XI))
VI = PtMTA(J,I)
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X1 (l-l/2
X2 = MDATA(A4,2)
DX = (X2-Xl)/(50.)
DO 55 1 = 51,100

Y1JATI(I = (B2$Xl)'-Bl
XDATI([) = XI
X1 = Xl+ DX

55 CONJTIME
D3 ='Ba=-
CA'LL COW(D4, B2)
X2 = (XIYAT(50)4-XIATl(501))/2
TITLE2=D1//D2/ /D3//D4

N3= 100

+ ,AI,A2,CI,:2,TITLE3)
C
C THIS PAT ALLOWSB liE UEER TO SELECT EITHER 1*4)11-E PKlD IC OR
C CATHO(DIC TAFEL- F;GIUN' OR TO F*E-VIEW li- GR0*H WIll-fliT KWTI3
C TO LE11IfNE BOTH- lIE TAI-EL REGIONS AGAIN.
C

56 CALL aO..ER(0,2)
LIST = '
CALL QJEP'(20,i6)
IWRITE(6,8O5) LIST
LIST = 'IF THE GRAP DID MJIT SHOW A GOOD CORRELATIONI'
CALL QJ5 DI(20,15)
WRITE(6,905) LIST
LIST = 'YOU C41I REPEAT l1-E CPLaLLATIJ%6 FOR T-E'
CAL M1014 (20,14)
WREUTE(6,805) LIST
LIST = 'EWRJ-I IN (IESTION'
CALL GCMOJ(2O,13)
WRI1E(6,805) LIST
LIST = 'I. MEEAT COqCLATIONF5

ItRI1E(6,805) LIST
LIST = '2. EXIT THIS PRTION'
CpLL MV4l~(2Q,9)
WITE(6,805) LIST
LIST = 'ENTER A ICOR A 2'
CALL GJIJV(20,7)
WRITE(6,805) LIST
CALL. GUV(25,6)
FEAD(6,811O,ERR =56) M
IF (M1 EQ. 1) 11-N

GUM 3D
EM4IF
IF (M1 Ell. 2) TH-EN i.

I3JTI 20

GOITD 56 .
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ENDIF
EJNOIF

c TH-E CEIN1WL DIFFERMX PlEThE1D IS TO BE I~D 11E OPTIONJ FIIEDS
C IN THE WE rWMER AS OPTION 2

IF (Mt EQ. 3) TH-EN
AIL = 0
A2 = 0
Cl = 0
C:2 = 0

57 CALL SLLM(IYATA,DI ,Jl,tE,A,A2,Cl ,(2,Si ,S2,S3,S4)
IF ((Cl GE~. C2) .IF. (Al GE~. A2)) TW-N

CML GUEMOE(3)
CA~LL OCEPP(0,4)
LIST='
CAL (iJ['(l5,20)
kRIITE(6,805) LIST
LIST = 'YtXJ DID NOJT SLECT BOTH AN PMIC'
CAL M04(15,19)
I'RI1E(6,805) LISTr
LIST = 'AM CATI-UIC DWD-4M OR~ R~ 1- POINTS'

WIU1E(6,805) LIST
LIST = 'WRE MT ROPERLY TRFWED. IN C11)ER 1TO'
CAL U(I2Vql,17)
WIUJE(6,805) LIST
LIST = 'PEVNT THE PROGRAM1 FROM CRAEIM YOU*
Ca-L (iJPtW(15,lb)
WIU1E(6,805) LIST
LIST = 'MUST ST~lT AGIN.'
CAL UCD(5,l5)
WITE(6,805) LIST
LIST = '. ANY KEY TE O~TNLME'
CAL MD.'(15,13)
WRITE(6,BO5) LIST
CAL QIN4EY( 13, 14)
GUMT 20

ENDIF

MWflE = 'VOLTS'
DO 60 1 = 1,01

XDAM~TI = M YATA(1,2)

60 COITIPLE
X2 =0
XI = 0
XY = 0
NI = AB(2-Cl) +1
VI = 0
C:3 = J-(24C1)

100
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C4 = J-(2442)
00 70 1 = C4,C3

XI =XI + PVATA(1,2)
X2 = X2 +- (rIAA(,2)*82)
XY = XV (IDTA(1,2)V1ATA(l,l))
YI = YIl- MDTA([,l) S

70 CONINu
NS = FLLYAT(N1)
81 = ((XVSXI)-(YI*X2))/((XISXI)-(6S*X2))
B= ((XV*N5)-(YISXI))/((X2*l6)-(XI*XI))

YI = PIYATA(J,l)
Xl. = ((YI-81)/B2)
X2 = I'tTA(C4,2)
DX = (X2-XI)/(50.)
DJO 8301 = 1, 50

YDATI(I = (B[2*X2)s61
XIJArI(I = X2

80 X2 = X2- DX

E12= -42 p
CA%1. 1114W(D2,B2) p

X2 =0
XI =0

=Y 0
PE =0

A= J+24Al

DO 90 1 = A3,A4
XI = XI + MOTA(1,2)
X2 = X2 + (MAlTA(I,2)**2)
XY = XY + (rMTA(1,2)*qyATA(l,l))
VI = YI+t PIATA(I,1)

NI = AB(A2-A)+l
NS= FUPT(NI)

81 = ((XY*XI)-(V[SX2))/((XI*XI)-(N6*X2))
82 = ((XY*5)-(Y[*X[))f((X2#6S)-(X[*XI))
YI = r1ATA(J,1)
Xl = ((YI-Bl)/B2)
X2 = PMTA(A4,2)
DX = (X2-Xl)/(50.)
DO 1.00 1 = 51,100

Y1YATl() = (B2*Xl)+B1
XDATI(I = xi
X1 = XI4- DX

100 cxwl'E.
CPL. COW (D4, B2)
TIJLE2= 1./ /D2/ /D3//D4

NB 100
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CALL M4Il C XDA~T,YIAT ,Dl,Jl ,fUIM,XIMTl,YATl ,N,YMWrE, TITLE2

58 CALL LI-EMf(0, 2)
LIST= '
CALL. GCMlDV(20,16)
iARITE(d,805) LIST
LIST = 'IF 'WE 6FW*+i DID NO(T SHOWd A GOOD CCJU-TIONf
CALL WVJ (20, 15)
WITUE(6,B)5) LIST
L15T = 'Y1ii CN FIWAfT TI-E CAtL.ULATI(P6 FOR THE'
CdA'dJ UD11'20,14)
kIE(6,B05) LIST
LIST = 'BMINC IN GUESTIN

IARITE(6,805) LIST
LIST = 'l. IEFAT CAJXLATIONS a

CALL. OI)UV(20,ll)
WRITE(6,805) LIST
LIST = '2. EXIT 11HIS PRI TION'
C44-L QJIOw(20,9)
14IJE(6,805) LIST
LIST = 'ENTER A I OR A 2'
CPlU3OQVJ2O,7)
IiRI1E(6,B05) LIST

. CALL GU0425,6)
fV-AC(,810,SEJ-5B) M
IF CM M6. 1) TH-EN

GUM057
EM) IF
IF CM X0D. 2) 11HEN

GOTO 20

.4G 1T 58

EMIF

C OPT ION 4 RE~JaR6V US-ERL~ TO THE EEININ6 OF T1-E FIJ3WM

IF CM ME. 4) T1-EN

ENDIF

c OPT ION' 5 IS THE OVIEF&AY. * (Y THE PO0TEWTIEYvtPreC LMES (71'E
c BE G(3WIED OR PLOTTED. fl-E OFIGIIL. FILE IS STILL AVIJAE
c FOR FURTH-ER MPNIFUJAT ION

IF CM X02. 5) 11-1EN
T I rLE3--

105 CPLL CCLEP (0, 5)
*LIST = *
* CPLL UEJI7(15,20)
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&'RITE(6,B05) LIST
CALL OCMOV(25,12)
LIST = 'ENTER 11-E FILE N~r TO) E3 I~
WRUTE(6,E305) LIST
CPLL 41211(20,11)
LIST = 'A BLPW4 TO EXIT, OR MDIR" FOR A DIFEIZTORY'
WITE(6,605) LIST
CPLL MEIIJ(36, 10)
FEdAD(6,B0O) NAME2
CPL.. MIN~(40,9)
IF (tFCE2 . 1E

GOIJ1 21

IF (NV'tE2 .EQ. 'DIR) 11-EN

rfLL OEJ'D'(1,23)
PPIUS 'ENTER MDIR *. /W OR A EJ44( MI CINTINLE'
CPaL OQJ60L(23,6,1,1,79,0,5)
LUTO 105

D0 750 1=1,01
KIYAT(I) =PMATA(I,2)

YDATMl = MYTA(I,1)
750 CONTINU.E

CPLJL DATAIN(OATA1,2,M, IER)
IF (IER ADI. 1) TI-EN

I3JTO 105
ENDIF

CLLM. O-EL(PDMTA1 ,W,J2,SI ,62,S3,S4)
DO0 760 1=1,012
XDATI) = PIMTA1(1,2)
YDATIM = M1ATAM(,l)

760 CONTNME !

TITLE2 ='clEFLAY '//NAM#E//* '//P#I'E2
YPE= 'VOLTS'

NYE2--NP

+ A1,A2,C1,C2,TITLE3)
WE= NflME2

GMll 21 .

EMIF
IF (MI .EQ. 6) Tf-EN

lll 20

600 FtRPT (AB)

605 FORPT (A5O, \)
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(310 FTJIPT( El)

900 C4'LL fEPUCE (3)
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STHIS 9mffl INE HEADS6 THE DATA F ILE (EP4RTAIED BY fl-E
S MCCEL M51 WICHO- HAS EEEN ...fFE4E ONTO A DISK

C CXATA = 11-E MY WICH Efl'IAINING POTENT'I%'L AM4
C CUlENT DENITYk
c NPPE = T1-E N~E OF TH-E DATA FILE
C Cl = QWf~lTER STRING AFESENT IN TH'E DATA FILE
C C2 = CW144TER STRINPRESENT IN THE DATA FILE
C N = U CRBE F DATA POINT'S IN T1-E FILE,
C DETERIN~ED DURING THE PROGRW1

9 RDJT INE DATAIN (CQATA,N,NPflE, IER)
HEAt8 CDATA(2000,2)
[PfTEGERW2, N, I
CI*-flEER C1S17 ,C2*6,P"lE**3,L 151*50, C3*50
OPENl (UNIT = 10, ERR = 200,FILE = FUPtE, STAlS ='OLD')

DO 50 W-1,200
F~EW (10,900,ERR-W6) Cl ,DTA(N,1) ,C2,CDTA(N,2)

50 COTfINUE
60 EII( 10)

DO 70 1 = 1,20
FI(10,*,EJIR = 100)

70 CONT INUE
100 IF (I NtE. N) TI-EN

CtLL t*ETIE (3)
CA'LL OLLEAR (0, 4)
LIST=''
CA4L aOV(15,20)
WIr*TE(6,905) LIST
LIST = 'ANV~ ERROR H1-WE EN ENXILNTERED IN'
Ca-L MEJV(15,19)
WRIlE(6,905) LIST
LIST = 'THE FORMAT OF TH-E DATA FILE.'
CA-'L OUJVJ(15,18)
WITE(6,905) LIST
LIST = 'THIS USHF4±Y IN~AES A SITCH4 BTWbEE'
CAL GMV(15,17)
WRUITE(6,905) LIST
LIST = 'FLOATING3 POINT AND) EXPONENTIAL NCJTATICl
CA-L 00174(15,16)
WITE(6,9M~) LIST
LIST = 'AROUND EDIJR''

k5R1TE(6,905) LIST
LIST = 'TO CORECT THIS FVILEM EXIT THE PRU]WI'
CA-L OJMOJ(15,13)
&ERITE(6,905) LIST
LIST 'AN USE LTl1E DOS "EIJLIN" FEAURE. THE'
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WITE(6,905) LIST
LIST = 'RELEJ EINf AT LINE#:

WIIFE(6,905) LIST

LIST = *Pl~lSS P'W KEY 11) tCrTINLE'

WRIITE(6,905) LIST
OXL GIW<EY( 13, 14)
GJU 990

GlD 990
200 CALL £EMODEE(3)

CPLL GOLEA4d(0,4)
LIST = *'

CPU... (E- (15,20)
WITE(6,905) LIST
LIST = 'TH-E FILE NAMdE ENTEJED DOES NO)T EXIST.'
CPLL GEJV/(15,19)
WRUTE(6,905) LIST
LIST = 'TO EXAMEIN~E THE DIFECTIFY OF POSSIBLE FILES'
CPLL OQIJJ(15,18)
WRJUTE(6,905) LIST
LIST = 'ENTER "DIR" lW-EN AG(ED TO ENTER TIE FILE'
CAL M4WP~(15,17)
WIiTE(6,905) LIST
LIST = INPE FCLLJ3WED 13Y THE DOS COM'1NO.'
CAL MIN(6,905)
WRITE(6,905) LIST
LIST = 'DIR *. /W"'
CALL GCfltl(35,16)
WRITE(6,905) LIST
LIST = 'RESS ANYf KEY TO) CONTIM-E'
CALL OOMVJ(15,14)
WIIITE (6,905) LIST
JER = I
CAL IMCEY(13,14)
GEJTO 990

900 FORMT (A17,GB.4,A7,GlO.4)

915 FORMAT(14,\)
990 FETflRN
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* THIS 3OlJT INE MNIRLATES THE DATA IN T-E "14AY CIATA
* THE PF4UER FORM ACM IDTENIFIES EIMF

C []ATA = THE AF4AY CONTAINING POTENTAIL AND [iffENT a

C lxENSITY
C MDATA = CDATA ONVERTED TO POTENTIAL AM) LOG
C OJRENT DENSITY
C N = NUMBER OF DATA POINTS IN THE DATA FILE
C J = LOCATION WITHIN MDATA WHERE ECORR IS LOCATED
C I = 1D0 LOOP COUNTER
C Xl = ABOLUJTE VALLE (F CURNT DENSITY AT I
C UID FOR DEIERMININS EELfIR
C X2 = ABSOLUTE ALLE OF CURHENT DENSITY AT 1-1
C USED FOR DETERMIINIG ECORR
C X3 = LOIIOXl)

SUBRUTINE DATAM ([OlATA,MMATA,N,J)
EAL*8 M[]TA(2000,2) ,COATA(200),2)

INTE[ER*2 N,J a

X2= 100000.

C CONVERT CURENT DENSITY INTO LOG QJIENT [EN31TY

DO 100 I=I,N-2
X1 = ABS(CDATA(1,2))
X3 = LOG1O(XI)

C IF/TElN TEST LD IN DETERMINING LOCATION OF E]OR.

IF ( Xl .LT. X2) THEN
J= I

X2 = Xl

X2 = X2
EMIF
MDATA(I,I) = CDATA(I,I),'
MDATA(1,2) = X3

100 CNTINUE

,.%

END~
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s THIS SLJJROT INE PERFORS TWO FUNCTION6. ITS FIRST FCL-TI(N
5 IS TO CHEO< TO EIGF E THAT THE POTENTIAL % E D

* A1RAATELY REFLECT THE PL-TL". POLARIZATION. THE SECOND IS
$ TO ETERI INE THE f"IEH OF POINTS IN "flE ANODIC AND CArODIC
S BRLN[-ES WHI[]H MAY IE ED IN THE CEN11AL DIFFERIN E METHOD.
*

M*ATA : THAT ARRAY CONTAINING POTENTIP-L AND LOS QUfENT
DENSITY

S N3 : THE NMER OF POINTS IN THE CATHODIC EWPVV]40 WHICH
CAN 3E I IN THE CENTRAL DIFFERENCE METHOD

S N4 : THE NUME OF POINTS IN THE ANODIC B40M34 WHICH
* CAN BE I.J IN THE (NTRAL DIFFEFJC MET-OD
$

S OTHER VARLES 9E SD MEFELY IN HEIXIN RFEQUIRED CONDITIOtE
Jf

afIUT INE Cl-E(MI'TA,N,J,N1 ,N2,N3,N4)
FEiL*B MDTA(2000,2)
INTEGER*2 I,J ,N,N1 ,N2,N3,N4

HARTACIlER$50 LIST

C THE FIRST I[]EWENT IN POTENTIAL FOR THE CATHODIC BEIANCH IS
C DETERIN~ED

10 Y = MDATA(J,1)
Y1 MDATA(J-I,1)
Zl A8S(ABS(Y1)-AB(Y))

ZI = A'INT(ZI/0.0001)

C 98EIAf JIL INOElENTS, WHIC]H MUST BE EIUAL TO TIE
C FIRST ARE 0-EOl<ED. LOG JRRENT IENSITY VALUES ARE PLSJ 0-ECHECK E

C TO E]U;E THAT THEY WILL NOT RESULT IN THE CALLULATION OF A
C SLOPE OF INFINITE Vt'UE.

DO 20 1 = J,2,-i.
Y = MDATA(I,I)
Y1 = MDATA(I-1,1)

X = MDATA(1,2)
X1 = MDATA(I-1,2)

Z = ABS(ABS(Yl)-ABS(Y))
Z = PEINT(Z/0.000l)

.JI
C ON~E CF TH-E 110 REQIRED CONDITIONS I-A FAILED.

IF ((Z .NE. ZI) .OR. ( X1 .LE. X )) 25TO 25

20 CONTINUE
25 N1=I.+2,
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C THE FIRST INCREJEENT IN POTENTIAL FOR THE A[I)[C BRAC IS
C DIE INED

X = MDATA(J+1,1)
Y = MI]ATIA(J+2,J.)

ZI = ABS(X-Y)
ZI = ANINT(ZI/O.0001)

C JBEEMENr Pr1ENTIJAL IN[LE]ME]rS, Wl-lI I MUST BE EQLL TO THiE
C FIRST AE CHECED. LOG Q.R NT DENSITY %#4LUES AM ALM (]EOED
C TO ENSURE THAT THEY WILL NOIT RESULT IN THE CALO..LATION OF A
C SLOPE OF INFINITE VALUE.

DO 30 I = J+2,N-1
Y = MTA(I,l)

YI = MDATA(I+1,1)

X = MDATA(1,2)
Xl = MIATA(I+1,2)
Z = ABS(Y1-Y)m. Z = ANINT(Z/O.00(X))

C ONE OF TI-E TWO FUIRED CONDITIONS HA FAILED.

IF ((Z .NEo ZI) .OR. ( X1 .LE. X )) GOTO 35

30 CONTINUE
35 N2=I-2

N3 = J - NI
N4 = N2 - J

C THE NUMER OF POINTS AVAILLE FOR EAIH BWI)-I IS 0:J;D
C WITH A MINLMIUM NUMBER OF 15. IF NEIT-IER EN[-I HAS ENO]"14
C AILAE POINTS VAIRIOUS MESS P DISPLAYED LISTING
C F]SIBLE CAU AD OPTIONS.

IF ((N3 .LE. 15) .OR. (N4 .LE. 15)) TV"
CALL 0[]. (0, 4)
LIST =
C[]LL IEN(20,20)

WRITE(6,805) LIbST
LIST = 'THE CENTRAL DIFFERHI MEH-D REQUIRES THAT'
CALL (It[V (20,19)
WRITE(6,815) LIST
LIST = '-E .CUfiN B MEASUED AT EaJX. DIFFEiENTIALS
C4LL U[]UV(20, 18)
WRITE(6,805) LIST
LIST = 'OF Tt-E PLIED YALTA13E. THE PAR MODEL 351"
C[]L Ul]J.(20,17)
WRITE(6,805) LIST
LIST = "E[ORDS -E CU.IRREIT AT IMIPENTS (IF 2.0 mV'
CALLUCMEV(20},1l6)
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WRfUTE(6,805) LIST
LIST = 'UNTIL TlhE O-YFNM IN QJ*FEN EXCEEDS A PFESRIED'
CA.-L GEO(20,.t5)
WI'ITE(6,O05) LIST
LIST =LEVEL6. AT THAPT POINT TH-E 351 BMINS FC~)ING3
CALL MDVM(2O,14)
IfRITE(6,8O5) LIST
LIST = 'THE O.lRFE AT INCF~ENTMS OF 0.5 MVJ. AT AN~'
CA~LL aEEN(20,13)
WRI1E(6,805) LIST
LIST = 'HIGHER APPLED 'ALTGE THE O-PNG IN CURFEW'
CPt-L 0CF1014(20,12)
WITUE(6,805) LIST
LIST = 'DEDVES TO A POINT WH-EW TH-E CMNT IS AGIN'

IWRITE(6,805) LIST
LIST = 'ME16.FED AT IN[3qEMNTS (IF THE APPIED VOLTG'
CALL aciJW(20,10)
WITE(6,805) LIST
LIST = 'EIIJX. TO 2.0 aw#J
CALL MZJ174(20,9)
WRI1E(6,BO5) LIST
LIST = 'PFIES ANY KEY TO COffINUE'
C/U.. OQVJ(20,7)
WITE(6,BD5) LIST
CIZLL aIPNcEY(I,MB)
CPLL QE4(0,4)

400 LIST ='
CQl.. G:P(20,20)
bRI-TE(6,805) LIST
LIST = 'THE DA~TA F013FIE FOR 11-IS EXPERIVENT EITHER-.
C/-L (QJ1)J(20,19)
WI*UE(6,805) LIST
LIST=
C/-L MINI(6, 18)
WRI1TE(6,805) LIST
LIST = 'l. FEFLE T11-PT THE (}Vf'IS IN COJlENT'
C/LL GEIOV(20,17)
I'RITE(6,B05) LIST
LIST = IEASUEMIENT D)ECI13D EMlER DID !NUT OCCUR'
CA-L (III(20,16)
WRIJE(6,8O5) LIST
LIST = 'AT A POINT(S), FEILATIVJE TO EJIUF, THA#'T WOU.LD'
CALL 00)Ud(20,15)
WRITE(6,8D5) LIST
LIST = 'G~1EERAE ENOUGH DATA POINTS FOR THE USE (F THE'
CA-L U:PM(N20,14)
IRI1E(6,BTh) LIST
LYST = ICNTW. DIFFEJIENEE MwETHO..U
CLL LiLJ-uWv2L,13)

* bfUTE(6,805) LIST
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LIST = 'OR*
CALL WI2'rP(39,11)
WIT rE(6,805) LIST
LIST = "2. THE MI]E._ 351 DID NET RFEC THE APPLIED'
C/i OQVW (20,9)
WRITE(6,805) LIST

LIST = POITENTIAL PROPERLY. THIS CAN BE CTED'
CP1Li WOVwtJ20,8)
WRITE(6,805) LIST
LIST = "IF THE PREM IS JT NIt.U TI-EN THE'
CALL WMOV.(20,7)

EWRITE(6,805) LIST
LIST = 'CENTRAL DIFFEFICE METHD WILL NOT WERK, AM) THE'
CALL INJ(20,6)
WRITE(6,805) LIST
LIST = 'OUIC SPLINE ME-HD MAY NOT WORK'
C-i. Q[01V(20,5)

UWRITE(6,805) LIST
LIST = 'PRESS ANY KEY TO CONTINUE'
CA]iL 03M(20,3)

Pb WRITE(6,805) LIST
CLL QIN4EY(I,MB)
C/ti. GZL.EAR (0, 4)
LIST = 'IF PN ATTEMPT IS MADE TO CECT 1 THE'
CPtL- 02111(20,17)
fWRITE(6,805) LIST

LIST = 'FROBLEM THE C.RECI MET-IH IS DEITERINED'
CAL Q(1N(20,16)
WRITE(6,805) LIST
LIST = 'IF THE ATEMPT IS LNSUCESFL THEN THE'
CAL OC1)V(20,15)
WRITE(6,805) LIST
LIST = 'CUBIC SPLINE PEl-) SHOULD BE I
CALL 01[1)(20,14)
WRITE(6,805) LIST
LIST = 'IF THE ATTEMPT IS SUESSRFL EITHER'
CALL (12[)(20,13)
WRITE(6,805) LIST
LIST = 'METHIU) MY 3E LD.
CALL 121)V(20, 12)
WRIE(6,805) LIST
LIST = 'IF THIS SET OF MESSES PEAS AGAIN

CALL (O10V(20, 10)
WRITE(6,805) LIST
LIST = 'AFIER ATTEMPTING TO COlfEEC THE PROBLEM'
CALL Q[001](20,9)

WRITE(6,805) LIST
LIST = 'THEN THE OJIENT DENSITY %ALUES ARE SUCH'

%CALL (121)(20,8)
% WRITE(,805) LIST

LIST - 'THAT NEllHER MEIII CAN BE ID
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CF~LL (i2IJV(20,7)
WR5ITE(6,605) LIST
LIST = 'F~ESS OW KEY TO CONTIr4..E
Ci'-L g2'Od(20,5)
LJRfTE(6,6305) LIST
CA-L OIW(EY(I,MB)

420 CA.L CLEPER(,2)
LIST = '1. 00 NOT XFIRECT TH-E FOJU.
CAL- (IJIJ(25,13)
I4RITE(6,805) LIST
LIST = '2. TRY PND (XJIECT ThE PROBfLE.'
CAL G2IJJ(25,11)
L.RITE(6,805) LIST
LIST = 'ENTER A I OR~ A 2'
CiPLL MIUVJ(32,9)
WITE(6,805) LIST
CPAL M2'O(39,8)
HEA(6,810,EP9 - 450, IOSTAT = J4) M

450 IF ((M1 GT. 2) .in. WJ4 NPE. 0)) TH-EN
C~tLL OQ.EPR(0,4)
LIST=*'
CIPLL UCMJJ(21,16)
I.RITE(6,805) LIST
LIST = *YLJ DID NJT ENTER (WI INTE13ER (IF'
CPLL 1fl'OV(20, 15)

IUTE(6,E)05) LIST
LIST = 'V*LLE I OR~ 2'
CI'LL 0INJ1(37,14)

IUTE(6,805) LIST
LIST = 'FES (W KEY T0 ONT~fINUE'
CAL O(YV(25,12)
WITE(6,B05) LIST
CaLL OflOJ(39,11)
CPLL GINKEYUI,M)
EXJTO 420

ENDIF
IF (Ml .EQ. 1) 11-1EN

IXITO 1000
ENDIF

C ANI ATTEMPT IS B1EN MqM TO L-I3fECT TH-E FOITENTAIL V~lES allA-
C 11-PT TH-EY ACCURATELY FEFLECT THE EXFERItPENPL RJTENTPLaS.
C BLOKS 500 PIN) 600O C(ITECT TIE mual.ET. BJfT ONLY ONE OF 1l-E
C TW] BLOCKS (WE USE]) FOR ANY GD'AN FILE.

IF (Ml .EQ. 2) TI-EN
DJO 500 1 = 1^N2
Yi = MVTA(l,l)
Y2 = M1ATA(1+1,1)
IF (Vi .ED. Y2) TH-EN
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r1MTA(1,l) = r1JATA(l,l) - 0.00O0IJO
N9= 1.

EMIF
500 CONTINUE

DO) 600 1 = 2^N2
VI = M1ATA(I,I)
Y2 = MDATA(I+1,1)
IF (VI. .E1. Y2) TH-EN

N9= I
EYVIF

600 CONTINUE
IF (W~I EQ. 1) 11-EN

CPLL QCEAdR(O,2)
LIST = '
CPLL EIW9(30,14)
I'RITE(6,805) LIST
LIST = QCOTI[J4 IONSUIESSL
CA-L MIU(30,13)
WRITE(6,8305) LIST
LIST = 'US EITIl-ER tEl-C]'

WI1E(6,905) LIST
LIST = 'PRESS PW KEY 11O CONTINUE'
CPLL QUW(30,9)
IkRITE(6,13O5) LIST
CALL DINCEY(I,i'B)
win 10

ELSE

*LIST = 'CORETION Lt!3IMESRL'
CpLL aQ2v'~(30, 13)
WRIUTE(6,905) LIST
LIST = US EITHER CUBIC SPLINE tSflIJD'

* RIUTE(6,805) LIST
LIST = 'PHSS IF KEY TO) CONTINUE'
C'l-L OI21M(30,9)

* fRITE(6,8O05) LIST

Gumf 1000
EJOIF

EJCIF
EMIF

1000 EMV
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* XDAT :TIE X YIULES OF TI-E FIRST GRAPH
* Y[AT :1THE YV 'JLLES OF TH-E FIRST (3WAI-i
* XDAT1 : THE X VAeLLE OF THE SECOND GPw-i
* YDATI :I VW VIALLES (F THE SE.OW4 64
I TX :X1YAT AS ORIGIA FWE3EMD AND SCAL~ED. I~ TO PUJJMW
* 11-E USER TO RESA7L.E 71-E AXIS AND) MAINTAIN A~LL Ti-E
S 'PLES ORIGINA'LLY PASSED
S T Y * LED AS TX BUT FOR '(DAT
* TXL LEED AS TX BUT FC1R XVAT1
* TYl UEFJ) AS TX BUT FOR YDAT1

C IN TIS 9HRLITINE A'LL PROMPTS ARE~ fFLIED TO 13Y Tl-E USE OF
C SOFT KEYS. THIS MEANS~ TI-UT A CRRIG RETURN' IS NOT I~D

3BEIJTIE I3'41 C XDAT .YUAT ,N3,J jU~'E, XDAT1 , VATIN -*-lMLTITLL2,
4A,A2,C,C2, ITLE3)
REAL*4 XDA(20O0),YDAT(2000) ,XDATiL(2000) ,YDATI(2000),F,F1,F2
REPLS4 TX(2000),TY(2000),TXI(2000),lYI(2000),X2(l),Y2(l)

INTEG~E2 I ,J,N,K7,KB,K9, JCXL( 10) ,JFld( 10) ,N1,tB,N3,N4,N,M,N7
IN1EGER*2 Li ,L2,L3,L4
CHMWTER PPE*8, YNAW*5,FICT*6, XF1VE*12, TihE~l 5 TI TLE2532
Q-I'dACTER*28, IJES, TITLE3*5O
N7= I
M 0
N = IX(,N4)
N3 = N3-3
N4 = N4 - 3
IF (N4 .LE. 0) N4 =1I

C D-E ARWS AM SCALED SUJ4 ll-YAT THE Y AXIS %.V'LLES PIC DISCEJ*IaE
C FRJ1 EACH- all-ER

F =MIN(AB(YDAT()),AS(YDAT(N3)))

Fl =MIN(AB(YT()),AS(YYTI(N4)))

IF (N4 BT. 2) TI-EN
F2 =MIN(FI,F)

F72 =F

EMiIF
IF (F7 GE~. 1.) TV"E
F2 =1.0
FACT =x I'

ENDVIF
IF ((F2 GE~. .1) AIND. (F2 .LT. 1.)) TH-EN

F2 = 10
*FACT'x 10'

ENDIF -.
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IF ((F2 GE~. .01) PMI. (F2 .LT. .1)) fl-EN
F2 =100.
FACT ='x 100'

EJO4IF
IF ((F2 G[E. .001) .PM4. (F2 .LT. .01)) TH-EN

F2 = 1000
FACT = x 1000'

IF (F2 .LE. 0.0010) TI-EN
F2 =1000
FACT = x 1000'

.5'00861 =1,2000

Y1YAT(I) = F2SYIJAT(I)
YDT1IM = F2*YDkAT1(l)

6 CONTIhLE

N6 = N4

c 11- OWENT PFMS "'E F1LLED

DO 10 1= 1,2000
TX(I) =XIYAT(I)

TY(IM YDAT(I)
TX1I) = XDTIM

* TYI) = YDAT1(1
1.0 (XTINLE

c TI-E G(1PH AXIS PM WINID r-W DETERINED

XJVAX =-1000
XMIN = 1000

= x1*= X
YMIN = XIIIN

X1VM~1 = XX
XMII = XMIN
YMAwX1 = XM.vX
YIIIN1 = XPIIN
Ji~tA = 9
JQCL2 = 610
JRU~1= 35
JFUW = 300
DO 200 1 = 1,N(3
YMX = M(DTlMX
XmAX = tIM(XIYAT(I),XMAX)

YIIN = 11IN(YIYAT(J),Y71IN)
-200 CONrIM.E

205 DO 210 1 =1,N4

a X1PX1 = PX(XmAT(I),XpMX1)
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'v1WAXI = MIp-IATIjl),YM~A.I

XMINIL = MIN(XDATI(t),XIINI)

'VMlNI = M[N(frAT1([),Y11INI)

21o QONTIMLE j

215 WIN = (MX(YMPX,YTAXl)) + .1
YST =(MIN(v11IN.,14IN1)) - .1
XST = (MINo(IIN.X(MINl)) -.1

WFIN =(MPX(XMWX,XIMPXl)) + .1
225 YMIN = ST

YMX= WIN
XMX= WFIN

XPIIN = XST
YOM~ = rflIN
XGCB = XMIN
XNAWl = 'LOG3 I A/cm2'
T ITLE = FUOTENTIOiDYNA1C'
ICPT = 0

YCNER =0. 3
ASPCT =1.5

C TH-E GRWPPH AX IS FF IJFVAN PM LAEELED. T ITLES AE PLCIED

CAL.L GEH 3JE(16)
CA±L M-DT (JCEL1 ,JaL2,JFI1,JIRbQ, XPIN, XMX, YINYWIX XCR3 , YU3,

4- lET, YOlERX ,ASECT) f

)AJR= (XFIN-XST)/10.
XMINOR = 0.9

LPE = -1
NDEC = 2
YK00OR =(YFIN-YST)/10.

YMINORi~ = 0
NKN 5 fp

NDOITS =0

IKOLGR = I a

ISYEEL-2

CPLL IIUSLR(0,0)
CPl-L 0ST.P(ND4JOS, IKIJIFI, JSYM1HL,*KLJRSYM)
CA-L OXAX IS( XST, XF IN, XPWrJ(J, XMINFU,Ll9L ,MEC)
CALL (IYAXS(ST,WIN,Y1AJUJR,VIM,LSL,NM-t)
CA-L OXTICS(WWN,JCOL,JR3.4)
CPL± G13TXl( 12,XrirtE,2,340,1,O)
CPLL UYTIEs(WNT,JcXL,JRutJ)
Ca-L QGTXT(5,YW~E,2,1,246,-1)

C/iL Q13TXT(15,TITLE,2,254.335,O) C

C/tL [UTXT(G,WflE,2,3E2,I35,O)
CFLL fTTXT(32,TITE2,2,254,321,0)
CALL ci3TXT(5A3TITE3,2,18J2,3O7,O)

IKLR= 2ft

CP&iL USTP ( MOMS I KILLOR, ISYmqJL ,K3JnY)

116 '

or r.



CA-L GI TI(XST,YST,LIL,L2)
CAL GRTlO(XFIN,YFIN,L3,L4)
CA-L GLITNE(L,L2,L1,L4,2)
CA-L a.JrNE(L1,L4,L3,L4,2)
CALL QLINE(L-3,L4,L3,L2,2)
CA-L (]INE(L3,L2,Li,L2,2)

C lI-E FIRST CURVE IS DF4N 11-E LINE COLOR IS CHIN13D AND4 11-E
C Suil.v CIME IS DRAWN

CA-L (7TAB.41,N,XDA~,DAT)

CAL Ufl( WT, KIJF

C IF 11-E CRVES PEE (F DEIVTIVES AND4 A LINEAR REGION' HCE ('4 READY
C BEEN 9BLEC-UEI, TF-E USER MAY DECIDE TO (G1EMTE TH-E TAFEL CONSTANTS
C BASD O THIS PRTION OF TH-E CURVE.

380 IF (( MI GT. 1) AND14. (N4 G.0~.)) 11-EN
(1ES = 'GENERATE TEL CONTANT
CAL Ci3TXT(B,E1ES3,1,335,O)
QESIM= VIYORN ?'
CPAL MITXT(2,ES3,l,320,O)

CAL QIN<EY(IMB)
IF ((MBe .03. 99) OR. (MBEQ6. 121)) TH-EN

(31S =I

CAL tG3TX(8,01E3,1,335,O)
CAL CGTXT(2B,aES3,1,320,O)

3B1 OUES = 'IS THIS TH-E ANOIC OR'
M~L. 13TXT(2,aES,3,1 ,335O0)

aLES = 'CA1-MC BRJD-4H
CAL gTXT(E,aES,3,1,320,O)

CA-L IJ3TXT2B,QE3,.t,305,O)

CAL OBl~EY(IP

IF ((MBE .E. 65) .ER. (MB .E.97)) THEN
Al = KB

'V. A2 = K9
GnTQ 390~

ENDIF
IF ( (MB . ED. 67) ORF. (MB EQ]. 99)) 11-EN

CI = K6
C2 = K7

O 390

EIMl 381
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EJCIF
IF ((MB .ED. 78) ORI. (MB .EQ. 110)) lIEN

GXTTG 390

WCTO 380
EMIF

C UY lI-E LEE OF TH-E OCiPI KEYS (ON THE Lt'ERIC KEV THE LJEER
C SR TS A NEW SET OF AX IS TO 13 RDTTED

390 01~Z

CPU.. (BTXT(28,aES,3,1,335,0)
CPLL OGTXT(2841ES3,1,320,0)
CPLL Q13TX(2,QES,3,1,-305,0)
OLES = 'NEW AXIS Y ORi N ?'
CPL-L (R3TXT2B,Gi.ES,3,1,335,O)

CA-L QIKY(,B

IF ((MB E6]. 89) ORF. (MB .EQ. 121)) TH-EN '

GUTO 400

IF ((MB .EQ. 78) ORI. (MB ED). 110)) 11-EN
GOTO 600 J

ELE*1

GumT 390

EJ'VIF
400 OIES=

CALL Q3TXT(BOES,1,1,335.0)
CJ'4± OSTXT(B,Q.ES1,1,320,0)
W.ES = 'NEW,LP6T,CR ORIGINAL (N,L,O)'

C44-L OGTXT(B,TiES3,1,335,o)
CA-.L UEEEP
CAL OINKEY(I,MB)

IF ((MB .EI. 79) OCR. (MB .ED. 111)) TH-EN
DO 410 1 1,N3

XDAT(IM TX(I)

410 (XMNME
00 420 1 1,N

XIATM() = TXiI)

420 CINT IME

GOTO 5
ENDIF
IF ((MB -Ell. 76) ORi. (MB .EQ. 108)) 11-EN

XST = XSTI
WFIN =XFINI.

z"
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YST =YSTI
YFIN = VFINI

N5M = M5

LAM 530
EM)[F
IF (( MB .EU. 7B) ORJ. (MB .EQ. 110)) TI-EN

XSTI = XST
YSTI = YST
XFIN1 =XFIN
YWINI =WIN

M6 = N
430 QIE = 'US TH-E CURSOR KEY To MAEv'

CPLL ElGTXT(2,0LJES,3,I,335,o)
GLES = 'TO THE LOWER LEF-T I-PMU'
CPA-± O(TXT(2,QES,3,1,320,o)
GLES = 'CORER, HOMIE TO EXIT'
CALL GUTXT2B,lES3,1,305,0)
CPuJ
CPLL GLSTAT (1)
CPtL ULTY1E(3,3)
CPLL a-lIVN(320,175)

500 CPu± OINEY(I,L)
IF (L ED1. 72) TH-EN

CPuJ.. GQJIvR (0, 5)
EUTD 500

EN) IF
IF (L .6ED. 75) T11-EN

GTO 500
EN)IF
IF (L .EQ. 77) TH-EN
CJ!LL 0jwMV(5,o)
WOTO 500

ENDIF
IF (L EQ. 80) 11HEN
CALL MJ)A(0,-5)
wmT 500

a EJ4IF
IF (L ED. 71) 11-EN
Q4LL aJVPuJ(XL,YL)
CPLL GLiM( 320-XL, 175-YILj

U DLI3TOR(XL,YLXST,YST)

Y2(1) = YST
CPu± USETP(5,3,43,3)
Q'LL QJTAHL(0,N7,X2,Y2)

GfU 430
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ENDIF ,,
510 (l = 'LEE THE CQF KEY TO MOVE"

CALL GTXT(2BES 3,1,335,0)
QLES = 'TO T1E UPPER RIGHT HA'N'
CVLL aGTXT(M,E ;,3,1,320,0)
QILES = 'CORER, HI TO EXIT'
CPILL GITXT(2B,as, 3.1,305,0)
CPUJ_ QBEP "

520 CPLL QINICEY(I,L)
IF (L .EQ. 72) T)EN
CPLL OI._LMM (0,5)
GUTO 520
EMIF "'"
IF (L .EQ. 75) THEN '
CAL._ VR(-5,0),,
GOTO 520

EMIF
IF (L .ED. 77) THEN
CALL QLlJVA (5, 0)
GOTO 520
ENDIF
IF (L EQ. 80) THEN
CA.L OMv(O,-5)
GOTO 520

ENDIF-'

IF (L .EQ. 71) TH-EN
CQJL Q.FEM(XR,YR) '.
CILL OLMv.( 320-XR, 175-YR)
CILL QI'TR(XR,YR,XFIN,WYIN)
X2(1) = XFIN
Y'2(1) = WIN
CAt.L QTPBL(O,N7,X2,Y2)
CALL fISTAT (0)
GUM'T 530

GUM 510 del

ENMIF 1-
ENDIF

530 IF (YNM .EQ. VOLTS') THEN

GOTO 780
ENDIF

K6 =1 p

K7 =N3
DO 60O I = 1,N3

X = TX(I)
Y=TY( I)
IF (((X *GT. XST) .PMD. (X .LT. XFIN)) .PND. ((Y .GT. YVir)

S .PNK). (Y .LT. YFIN))) TEN

K6 = I

E7)IF
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y *". N' -v _W. MY V - .. *,

/A)O CONTINUE
605 DO 610 1 = K6,N3

X = TX(I)
Y = TY(I)
IF (((X .LT. XST) .OR. (X .GT. XFIN)) .CR. ((Y .LT. YST)

+ .OR. (Y .GT. YFIN))) THEN

K7 = I
9. 6010 630

EMlF
610 CONTINUE
630 N5= K7-K6

DO 670 I = K6,K7
YDAT(I-Kb+I) = TY(1)
XDAT(I-Kb6+1) = TX(I)

41<8=1
670 COINUE

9 = N4
K2 = N4

DO 700 I = 1,N4
X = TX1(I)
Y = TY1(1)

IF (((X .GT. XST) .PMD. (X .LT. XFIN)) .PD. ((Y .GT. YST)
+ .Pl). (Y .LT. YFIN))) 1-EN

KB=I
GU 715

ENDIF

715 DO 720 I = KB,N4
X = TXl(I)
Y = Tl(I)

IF (((X .LT. XST) .OR. (X .GT. XFIN)) .XR. ((Y .LT. YST)
+ .OR. (Y .ST. YFIN))) )

K(9 = I
GUO 730

EM'IF

720 CINTINUE
730 DO770 I = KB,K9

YDAT(I-KE+I) = TY(I)

XITI(I-KBI) = TXI)
770 CONTINUE

N6 = K9 - KB
u1lfl 225

f=0

DO 785 I = 1,N3
X = TX(I)

, Y=TY ( I)
IF ((X .GT. XST) .ANM. (X .LT. XFIN)) .PAV. ((Y .GT. YST)
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+ .4tCM). (Y .LT. FIN)) fl-EN
N5 = N5~ +1
XDAT(!'6) =TX(I)
YIJAT(NS) = TYU)

ENDIF
7135 COTIrLE

DO 790 1 1,N4
X = TX1(1)
Y=TYI(I)
IF M(X .1GT. XST) PMV. (X .LT. XFIN)) AMN. ((Y .GT. YST)

+ AND3. (V .LT. WFIN)) TI-EN
N6 = N6M +1
XIYAT1(r ) = TXI)
YIATI(IN6) = TY1(I)

EMIF
790 CONTINLE

GOTO 225
800 lIES = *DO Viii WANlT TO PLOT'

CPLL M73XT(2,QEFS,3,1,335,O)
M =S 'THIS G3w-I V OR N ?T
CALL QGTXT(2,QES,3,1,320,0)
CPLL OBEP
(P&L OINKEY(I,Ifl)
IF ((MB ED. 839) OER. (MB .EQ. 109)) 11-EN

IF ((MB .EO. 78) ORP. (MB .EQ. 110)) T1-EN
GOTO 850

ELE
GOTO 800

EMI3F
ENDIF

830 CP&LL PLOT MA1T , YJYAT ,N, XDIY, YDAT1 ,tM, X?#'',YWflE, TITLE,
+XFXXIN,YMkX , Y1IN, XST ,XFIN,VST ,WIN, XPVUR,'OUIF, TITLE2,

IF (MME E£I. 'VOLTS') TI-E
aiTO 3w0

EN)IF
IF (YN*'EE .EQ. 'D/i)1-N

CUM 3w
EMIF

850) 00 6&W 1 1,2000
TX(I)=O
TY( [=0
TXI(I = 0
TYI(I) = 0

XDAT(I) =

XDAT1() = 0

VIATMI = 0
Y!YAT1IM = 0
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136 IflOfINE
CAL (DE11E ( 16)
CA-L (aICE( 3)

900 FURMATA1)

.4 123
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*THIS S-LMH114E RJJTS THE GRAPH AS E-041 ON THE SCREEN DUI NG
* WE CALLING amiJTMINE GRAH1.

TH11E MAJORITY OF IME PRhRA IS IrN&(L%ED IN SETIN L13IP P~fENTS
STO BE PASD TO W300ff 1'E CONITAINED WITHIN THE PRDThTICS
*LIRPY. THIS MltNL 94L" 13 (1Th6LTED IN ORDER TO DETERMINE
S 11E LEE OF TH-E OTHNScr1ER THAN* THOSE~ DEFINED BELOWI'

MAXlT THE ARRY CWAINIt'G THE X VALLES OF TI-E FIRST O..RE

* DAT THE FIRST CURE'S Y 'WALLES
S XDATI 71-E ~Y WWNATINlP'6 THE YV AU.JES OF TH-E SWEE)N CvE

$iTO HE PLOTTED.
S YDAT1 :THE SECOND CQPYE S YV ALES
S TITLE :1THE TITLE OF lHE PROT
* T1TLE : AN' DISCIBTICN (F THE GP4
S XW'tE : 11E X AXIS TITLE

SP11LE: T1-E Y AXIS TITLE FPR[JEY POSITION AND CATENTATED

SlARfTINE PLrO YT ,Y1AT,INr1, XDAT.1,YI)AT1 ,N-T2, XWE, VPE
+,TITLEXWVX, XJIIN,WPX ,YPIIN, XST, XFIN,YST ,YIN, XJC,WVMcR
+,TITLE2,FACT, NPP*E)

FEPLS4 XJDAT(2000) ,YDAT(200D), XDAT1(2000) ,YDIY~(2000)
INTEIMRS Ja1L(10) ,JFd( 10) ,NP'Tl,PT-2

CWF-ERS8 PrEE,YNWE*5,X E11 ,TIRE*15,SAMLE*12, TITLE2*32
'FACT*6,A4*1, I1.ES*2B

AMP = Ykt*/A/F

XORG = XST
YEMI = YST 1

DTX = ABS(X9AX-XI1IN)
DX = DTX /PPX(NPT1,NPT2)
DTY = ABS(YPPX-YflIN)
IFPT = 0 **

M'JJT = 5
M4OTS = 0

LABEL = -1
NVEC = 3
ISIZE = 1
ISTEP = 2
IPIFT = II

JCL = 20
JlJR = 620
I0.. = 10

IR= 320
13 =12
14 = .150
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-lv -"LW-%lv.%-"% IV7l."1 -ai

15 =236
16 = 136
17 = 340

1ll - 32

112 = 1832
CALL ZQJW(J.., IQ., 16)

CA-L ZQEI&(13,14,16)
CA-L ZI2NJ(I5,16,16)
CPLL ZCOWJI7,IB,16)

XMINI =XMIN -- 2*DTX
XMAXI = )(MX+ .1*(DTX)
YMAVXI = YVAX + . l*DTY
ViIINIL YMIN - l*DTY
ICEC = 2
CPLL ZLnT(J.JOR, IO., ILJRXMIN1 ,XPWAX1,YtIN1,YTMX1,XfJ43,Yt1U)
CALL ZRTOI (XST,YST,Ll ,L2)
CPLL ZRTEI (XFIN,'tFIN,L3,L4)

CPLL ZXAXIS( XST,X(FIN, X1'VUJR,MIOR,L.. ,NXC)
CAL ZYAXSYST,IN,WCJI,MINOR,Li]L,NDEC)
CAL ZXTICS( 1O,JCfL.,JR3AI)
CpL-L ZYTICB( 1O,JI,JFUI)
CPLL ZLINE(LI,L2,L1,L4,l)
CPLL ZLINE(LI,L4,L3,L4,1)
CPLL Zl-INE(L3,L4,L3,L2,1)
CALL ZLINE(L3,L2,Lt,L2,1)
CALL ZRJ
faE = I

CIPLL U3TXT (2B,C23, 1,3m5,0)

CAL CUTXT(2B,QES3,1,35,O)
CLES = 'IF EESIFED INSERT A NEW PEN'-
CPLL Q3TXT(2,GLES,3,l,1S5,O)
Q IF = *TH-EN FFESS ANY KEY'
CAVL QGTXT(2B,UES3,1,320,O)

CPLL GINKY(I,MB)
CPLL ZTi9 ,NP1,XDT,YIAT)
CPAL ZRJ
GLES =IF IJESIFED INSERT A NEW PEN'

LES THE Ih~ IS IW KEY'
CPLL a6TXT(B,Q.ES,3,1,32O,O)
CPLL GEEEP

CPLL ZT~t 1 ,PT2, X1YAT1,YDATI)
CPLL ZRJ
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CALL QINKEY(I,t'6)
ILF DESIFED 1MERT A NEW PEN'

CPLL 3ITXT(2B,QES3,1,335,0)
rlI = 'Ti-EN RESS PSY KEY'
COLL LITXT(2B,fALE3,1,32O,O)
CRL GBEP
CPLL 2Z-TXTA ( 11, XIN'E,1)

CALL zPrXr(15,TITLE,I,15,16)

CL nPTXT(32,TITLE2,1, 15, 18)
CA-L ZEXTXT(O,O,O,O,O,1)
CAU- ZPUJ
CAL.L ZPA( 13, 14)
I7J4 71LASS( 12 ,SPSILE)
CAL..L ZFINIS
END
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* THIS IS TH-E FIRST 9EL;CTINE CAI-ED &4-ENq LlSING WE CUBIC

S I'tTA :11-E ARRY CONTAINING3 FITENTIAL AND LO LI (iEN DENSI TY
S XDAT : W PMY CONTAINIG T1-E LOG OJENTl Wt-LES FOR ThE
* CATHODI1C HWID

Y V1T :Th-E ARFVi (INAININ3 11E D)ERIVATIVSES FOR TI-E CA11-U)1C

* XDATI : SA A XIYAT BUT FOR TH-E ANOEDIC EFWO-fC
VYATI : SAME AS YDAT 9.11 FOR TVE ANODIC MWJ- S

* DIV :THE ARRAY (INTAINII43 THE DERIVATIYES W-IiQ- IS BING3.
RETUR FRII SLEEELENT C~tLED SUEwTINES

Tt1-E INTEFIR VARIABES ACMJL±Y I~ IN THIS SBLELff INE ('fE
I ~ TO DEFINE l1-E REGIONS6 W11lHIN BOTH ERF"l-ES AVAILAkE1.

SJROJTIYE 9IFPEI (PIYTA,N J ,tflrE,A1 ,A2,Ci ,C2)
FEIL*4 XiYAT(2000) ,VYT(2000) ,XLATI(2000) ,YDATI (2000)
FEAL*8 M1ATA(2000,2) ,DIV(i000)
INTEGER*2 I ,J ,N,K.MI ,N,N4 ,Nl ,K1 .A1,A2,CJ.,C 5.

o-M'fACTR~j 1NrE*83,YFtE*5, rITLE2*32,TITLE3*50

YNPME Dv/DiV
TIThE2 'TAFEL SLOPES: CUBIC SPLINE'
TITLE3=-' p'

C T)-E CAlI-EDIC EFW24 IS Q-EO<ED FUR AN4 INCREAE IN LOG
C LFFE~N DJENSITY M-ICH COULD CJSE TIE CONLO.LAT IOt (ff A
C IIRIVTIVE OF INFINTE SLOP

DO 20 1 =J-1,2,-l
IF (I4YATA(I-1,2) .LE. MDATA(I,2)) IJO 25

20 COWNL E
K = rVAX((J-250),1)-5.
GUTO 26

25 K =I
'26 M =J-9

JI = K
N3= AB(K-I1I)

CALL CSPIN(1YArA,N,MDIV,K,N3)
00 100 I ,N-
XDATMI = I1YTA(J-4-1,2)
YDATMI DIV(N3-1+1)

100 CuWNTILE
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C THE iVIJJIC iHWO-I IS G-EDrE FOR~ LOG O.fENT WLIJES WHICH
C rnLDCAS TH-E C 1-CL~IN OF A~ CMIVTE OF INFINITE a.LPE

[10 120 1 = J+1,NI V
IF (PIYATA(I,2) .LE. M1ATA(I-1,2)) (iJTO 125

120 UXITIEgo

K = MIN((J+250),(N1))
WCTO 126

N4 AB(MI-J)

CALL CE1ALN(MOTA,N,M,DIV,J,N4)
DO 200) 1 = 1,N4

YDATM() = DIV(I)
200 CONTINLE

CPLL GWVI-I( XIT,YIAT,rL3,J ,rV-tE,XDAT1 ,YDAT1 ,N4,YvT'dM,TIIL.E2,

+AI,2,ClC2,TTLEi
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THIS s~E1uiF'rE sETs LP Tw- mTRix oF I:IFICIms To
13E SOLED IN UME TO DETERMINtE TIE DEIVTIvE USING4 TH-E
CLA1IC SPINTE MET1-D.

MW1YTA :WIE P7Y CONTAINING POTENTIP PM t LOG3 QLfEM ENlS ITY
* QT :WTE 7x7 MA~TRIX CENTfAIN113 THE CCEFFICIENTS

VM : WE 7x1 %VECTCR OJCJTAINhING TWE RIG3{U H-rMI SIDE OF
S TtE SYSTEM (F EMANT I(JS. W4EN F&-nLRED FRJ i-E
S SLVING3 Sa IE IT CENTAII3 THE SOUTIONt.

9aWOJTI'E CSPLIhE(? YTA,J,M,DIV,K,MI)
REiL*8) XDAT(1000), YDAT(1000),l1JATA(2000,2) ,YTAT(7)

REiALS8 DIV( 1000)
INTEGER*7 N,MI,K,J
DO 10 1 =1, 7

DO 5 J=1,7
CMAT(I,J) = 0.1)0

5 CfldTINLE
10 CUNTIN4E

M 7 p

K =K-1
DO0 200 N =1,MI

20 K= K+ I
CMT(1,l) =2.DO*(I1MTA(K+2,2)-PIYrA(K,2))
CJT(1,2) MOA1TA(K+2,2) - l1YATA(K+1,2)

CJ'WT(7,7) =2.DO*(PflATA(K.6,2)-I'DITA(K+6,2))
EPT(7,6) = IITA(K48,2)-MDTYA(K+7,2)

+(K+,2)) UI1YATA(K+1,1)-f'IJATA(K,1))/(Y1JATA(K+1,2)--M)ATA
4(K,2)))

YMrAT(7)= ((11ATA(K+6,1)-PIDATA(K+7,1) )/(PITA(K+63,2)-r MTA
,*(K+,2) - ((M1ATA(K+7,1)-PtMTA(K+6,1))/(MDATA(K+7,2)-+tDATA

+(K+6,2)))
YMAVT (7) = Y1' 2T (7) S6.

DO0100 1 = 2,6
K = K +1
CMAT( 1,1) = 2.DOS( (PIYTA(K*2,2)-t1JATA(K,2)))

OYr(1,1-1) = I1TA(K+1,2) - I YATA(K,2)
YTMPT(I) = ((I1MTA(K+2,1)-PIDATA(K+1,1))/OChT(1,I+1J)

+-( (f1ATA(K-.1,1)--*tYATA(K,1))/c'nT( 1,1-1))
YtAT(I) = 'Y1'VT(I)*6.

10 CNTNLME
K = K - 5

AI YIWAT(5) - YMAT(4)

129



, WM - .- -J,. rv

Al= ALI( (6.D0)*( (PTEA(K*4,2)-f1DATA(K+3,2))))
BI = Y!%AT(4)/2.IJO

CI = Cl-(1/6)*(((2*MT(4))+Yvrc5))(MTA(K+4,2)-fVDATA(K*

DIV(N) = Cl

200 CONI NLhE

84D-
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* TIS SL NHUJT INEf SULVES 11-E 7x7 SYSTEMI OF EOUAYT III? CfEERAl)
B Y CSPU N.FOR. I1-f: PROGRP WPS CJGINPALY FROMl Ti-f TEXTSIXI(

* "FCKIA' 77 for- Enqineers anid Scientists" 13Y IM-(FF AM~l
I LESTMiA, PAL:S 264-265. TE MAI MODIFICATION IS THEf ELIMINATION
O F TVE '.RfIABE DIMENSIONING OF AFY PFESNT IN 11-E: CJIGI~i

9 EUUJTI1NE LINSYI (IIJT,'Y7PT,N)
INTEEER N,PIWAT
W-PL$8 AUG(7,B), Q3OVAT(7,7). YT~qT(7),X(7),MLLT,TB1'
00 0 1= 1, N

DO 10 J = 1,N

10 CNTINE

DO 30 1 = 1,N
1U3(I,N4-) = YMAVT(I)

30 CONfTN&E

DO 70 1 = 1,N-1

IF (PU3(I,I) .EQ. 0.) TH-EN
PIdUT = 0

35 IF ((PI'A)T .EQ. 0) .91NE. (J .LE. N)) 11-EN
IF (ALI3(J,I) NE. 0.) PIVOT J
j = J+1
WOTO 35

IF (PIVOT .E0. 0) TiHEN
PRINTS, 'SINGJJ'E

STOP

DO 40 J =1,N'-
TEMP = I'413(I,J)

PWi(I,J) = PLJ(PI'AJT,J)
40 I~J3(PIOT,J) = TEWl

% 40 CONTINLE
EF4YIF

DO 60 J= [+1,N

DO 50 K = I,N-1
ALJ3(J,K) = 4U5(J,K) + lMLLT*It1(I,K)

70 CUIT IM..E

DO 90 J N11-
% X(J) = PtI(J,N-1)
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IX 0K =J.-I,N

X(J) =X(J)-(Ptj3(J.K)*X(K))

DO NU1INUE
X(J) = XG.J)/AiJ3(J,J) 

Y

00) 100 1 =I,N
Y~qT(I) =X(I)

100 COINLE %

END.
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$ -THIS SUFUrTINE CONvERTS A NIUERIC VARIBLE (X6) OF FORMT
S +/- XX.XXXX TO A O-V E VA44ELaE H[EIE WIDTH IS 8 CH1CTEFC .

* THIS IS NEESSY AS T1E FLD1?TICS LIEFPRY IS NUT EQUIPPED WITH
S A SMUTINE FOR RO-l1"IN3 NLERIC VPPIRLES.

9LBIUTINE C[NV(A7,X6)
INTEGER 01,02,03,04,05,06
CHARACTERII A6(0:9), Cl,C2,C3,C4,C5,C6,C7,CB,A758

A6(0) = '0"
• A6(1) = '1'

A6(2) = '2'
A6(3) = '3"
A6(4) = '4'
A6(5) = '5'
A6(6) = '6'
A6(7) = '7'
A6(8) = '8'
A6(9) = '9"
C1 =

C2=
[:3=

C4 =
:5 =

C7 =

IF (X6 .LT. 0.0) CI =

X6 = ABS(X6)
Xl = X6/10.
01 = IFIX(XI)
X2 = X6-(10.* 01)
02 = IFIX(X2)
X3 = X6 - (10.01) - 02

X3 = X3/1
03 = IFIX(X3)
X4 = (X3--033)/.1 + .001
04 = IFIX(X4)
X5 = (X4-04)/,A
05 = IFIX(X5)
X7 = (X5-05)/.I
06 = IFIX(X7)
DJO 10 1 = 0,9

IF (01 .ED. I) C2 = A6()
IF (02 .E]. 1) C3 = A6(I)
IF (03 .ED. 1) C4 = A6(I)

pI,

IF (04 .ED. 1) [:5 = A6(I)
IF (05 .EQ. I) 1C:= A6(I)
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IF (06 ED2. 1) C7 A 6(1)
10 ErWNUtE

CB =
A7 = Cl//C2//C3//CB//C4//C5//C6//C7
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s TIS SLaaujITI*. SETS E OF TI- U-~f~PCTER STR INIS I EE[)
W idEN 113N 11(3 1 CENTJ42!L DI FFEPE:M1 rET-{]

9"IUfJTI W SlIJE (M'TrA.N, J ,WrE, Al , A2,Cl ,C2, NI , Wf, N3, N4)

FEPL*4 XIDAI(2000) ,YlYAT(2000) ,XDATI (2000) ,YDAT1(2000)
FE L18 M1Y'T(2000,2)
INTEGER$2 I ,J,N,A1,A2,Cl,c-2
04WCTER Nt*B, Y~iWE*5, TI 1LE2*32, LIST*50, TE3*5O

=N 'Dv/Di'
r i1E2 ='Th SJDFS: CENTFRA- DIFFEFUNCE'
TITLE3r='

cpiLL Iubvf-I1(xiYAT ,VmT,N3,j ,1uW'E, xDT1 ,YDAF1 ,N4,YWrE,TITLE2,
+A1 ,A2,C1 ,C2,TI1LE3)
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$THIS SLEFIOJTINE IXJ4JLETS iNThHRICA DIFFEFEIMJIATION USINGS
THlE 4 Poiu'r (INwL' DIFFEmmE PET-o.

* !1TA =PM*AY CONTAINING POTENTIPL AM4 LOG I DENSITY
SLOPCE = PEf4AY CONrAININ3 DE/D(LOGI) AMN LOG I

S FSLOPE = CENTRAL DIFFEMb4X DIFFEFENTIATION
* EIIOM1 = LFTULIMIT OF AtNMIC/CATl-(DIC DISTRIBTION
$ E1~2= LCW94-IMIT CF ANODIC/CATJ-tDlC DISTR1ITION
* N = NLMPER OF DATA POINTfS
* = LOCATION WITHIUN MDATA CF ECORR
* I = CATHOcDIC ffr-iN$ LOOEP (ILNTER
* K = AN[DIC RANCHJ LOOP COUNTfER
* H = DIFFERENTIAL VPLUE IN POTNTIAL a

11i = MLE OF LOG I AT E-2-I
* 12 = VALEOF LOG IAT E
8 13 =VALE OF LOS IAT E

s 14 = vL.EOF LO IAT E4H
* 15 = VLLEOF LOG IAT E+2-
S DEDI = SLOPE VALE OF 13

SMUMTIE DATADEL (T1MTA,J ,YDAT,YDATI,*XDAT ,XDAT1 ,N2,Nl)
FFEq*B r1ATA(20O0,2) ,X1,X2,X3,X4,X5,H,FLOP,DED1
REALS4, XDAT1(1000),YDAT1(1000), VDAT(1000),XDAr(1000) 1

INTEGERS2 J,K,I
FSLOPE (H,X1,X2,X4,X5)=(Xl+(8.DO*X4)-(6.DOSX2)-X5)/(12.D*H) .

C PEFFMFING~t CAdJ2.LCATIONS ON CAll-ULIC BFVW4

K = 0
DO 100 1 =J-2,NI+2,-1 a

K = K+1
H = MDATA(l,l) - MOATA(1-1,1)
Xl = r1ATA(I-2,2)

A X2 = PIJATA(I-1,2)
X3 = M1ATA(1,2)
X4 = MDATA(I+1,2) A

X5 = MDrA(I+2,2)
EEDI = .DO/FSJFPE(H,Xl,X2,X4,X5)
YDT(K) = flED!
XDAT(K) = MtATA(1,2)

100 CONTINUE

c PEFEMtIM CA-E1LAT ION ON I-E P'd3I C BIJWLII

200 DO 300 K =J+2, N2-2

H MDA1TA(K+1,1) - PIYTA(K,l)
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lop-

XI = MDArA(K-2.2)
X2 = I JATA(K-1,2)
X3 = IYTA(K,2)
X4 = r'IYTA(K+1,2)
X5 = M1ATA(K+2,2)
DEDI = 1.D0/FaIFPE(H,XI,X2,X4,X5)

300 (fliT[INLE -
400 WAINR~

.. p P r or " W.
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